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INTRODUCTION.

TueseE researches are based upon collections made in
various parts of North America during the last few years.
The paper.completes the account of all species of the Terri-
colide families mentioned, on hand at the time of going to
press. There remain to be worked up some new species of
Diplocardia from Nebraska, received from Professor H. B.
Ward, and some very interesting species of Benfamia and
Ocnerodrilus, collected by Mr. Robert E. Snodgrass on the
Galapagos Islands and on Clipperton Island. These speci-
mens were received too late to be described in the present

paper.



ZooL.—VoL. IL] EISEN—OLIGOCHAETA. 87

An account of the family of Enchytraeidee, ot which
there are at least over fifty new species on the Pacific Coast,
is now under way and it is expected will be finished during
the coming year.

The author is under great obligation to those who have
contributed to his work by presenting specimens. Among
those who have thus aided in making known our interesting
and important fauna of Oligochata are: Professor Albert
Koebele of Honolulu, Hawaii; Professor C. H. Gilbert and
Mr. R. C. McGregor of Stanford University; Dr. H. W.
Harkness and Mr. Alexander Craw of San Francisco;
Professor C. H. Tyler-Townsend of Las Cruces, New
Mexico; Professor Frank Smith of Champaign, Illinois,
and Messrs. Brimley Brothers of Raleigh, North Carolina.

GEOSCOLECID.AE.

Pontoscolex Schmarda.

Pontoscolex corethrurus (/7. Miiller ) mexicanus, subsp. nov.

PLATE V, F1Gs. 1-16; PLATE VI, F1Gs. 17-23; PLATE VII, FIGS. 2426, 35-37.

Definition.—Length 95~110 mm. (those from Baja California 200 mm.);
diameter 3-4 mm.; somites 145-212. Setae bifid, slightly ornamented; setee
¢ and & wider apart in II than they are in III and IV; setee ¢ in II in line
with & in III; setee ¢ in II more dorsal than setee 4 in III and IV. Penial
setee with eight or nine pockets at apex. Prostomium present, but retract-
ile; mouth at apex and terminal. Caudal zone 28-76 somites from tail-end,
and 107-118 somites from the head. Clitellum in XV-1/4 XXIII. Tubercula
pubertatis in XIX-XXII. Gizzard in VI. Sacculated intestine commences in
XVIIL. Calciferous diverticles in VII, VIII, and IX. Spermathecal pores
in the posterior part of VI, VII, VIII, but the main body of the spermathecz
respectively in VII, VIII, IX. The spermathecal duct about five times longer
than the pouch. Nephropores in line with setz ¢ and ¢ in all somites except
[T, where they are absent, and in II, where they are slightly more ventral
than in ¢. Hearts in XI and XII. One pair of testes in XII. One pair of
sperm-funnels in XII. Ovaries in XIII; oviducts in XIV. One pair very
long, dorsal sperm-sacs extending to the posterior part of the clitellum.
Spermiducal pores in the anterior part of XXI. Septal formula:—

[TI/1v, 0, 0, VI/VII, VII/VIII, VIII/IX, O, X/XI.

No additional capillaries in the caudal zone.
(1) December 14, 1899.
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Habitat.—Mexico and Central America.

This worm was found to be very common in the
coast territory from the Cape Region in Baja California
through Mexico, Guatemala, and Salvador in Central
America. Specimens are represented from the following
localities in Baja California: Todos Santos, Miraflores,
San José del Cabo and all parts of the Cape Region.
(Eisen 21.) Todos Santos is the most northern point
where the species was found, and it is doubtful if it
extends further north. It has not been found in Cali-
fornia, U. S. A. In Mexico I have collected specimens in
abundance at Mazatlan, San Blas, and Tepic. As the lat-
ter place is over 4,000 feet above the sea, it will be seen
that the species possesses a great vertical range. 1 do not
think, however, that it occurs in localities subject to frosts.
In Guatemala, Salvador and Honduras, the species extends
from the Atlantic to the Pacific. The Cape Region speci-
mens are all from the lowlands. They are larger than
those from the mainland of Mexico and from Central
America, but I have found no other distinguishing feature.

The anatomical and histological description given below
is based on specimens from Tepic, taken in the vicinity of
the city. The Central American specimens were not suffi-
ciently well preserved to warrant sectioning, and the Cape
Region specimens appeared to me to be so similar, except
in size, that no effort was made to study their finer anatomy.

Characteristics.—The following points in the structure of
Pontoscolex corethrurus subsp. mexicanus are either espe-
cially characteristic of this form or they have not before
been mentioned as belonging to Pontoscolex corethrurus by
those who have previously studied the species.

1. 'The septum III/IV is very wide and greatly thickened.

2.  Tubercula pubertatis are present in somites
XIX-XXII. The glandular cells characteristic of these
organs penetrate into the muscular layers of the body-wall.

3. The spermathecz open into the posterior parts of
somites VI, VII, VIII, but the main pouches are in somites
VII, VIII, IX. The spermathecal pores are thus preseptal.
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4. Sete ¢ and ¢ in somite II are not in line with setz
¢ and 4 in somites III, IV and following; but sete ¢ in
somite II are in line with sete ¢ in III and IV, and sete &
in IT are more dorsal than sete d in the other somites.

5. Sete ¢ and d in somite II are somewhat larger than
any other of the anterior setz.

6. The spermatheca are much longer than those figured
by Perrier. The duct is about four and a half to five times
the length of the pouch and about one-third its width.

7. There are no extra blood capillaries in the caudal
zone, such as those described by Horst in his account of
Pontoscolex corethrurus.

8. The male pore is on the anterior part of somite XXI
and not in the intersegmental groove. Whether this is a
constant feature I am unable to say. The pores are not
visible from the exterior.

9. There is a large prostomium which is generally
found retracted in preserved specimens.

10. The caudal zone is characterized by a large number
of what seem to be sense-cells without terminal sense-hairs.

11. In the anterior part of the anterior somites the
longitudinal muscular layer is separated from the trans-
verse muscular layer by vacuoles traversed only by isolated
strands of mixed muscular tissue.

A finity —After a consideration of the foregoing pecu-
liarities in structure, the question naturally arises whether
the form of Pontoscolex from Tepic and Baja California is a
variety, a subspecies, a distinct species, or, perchance,
identical with the Ponloscolex corethrurus described by a
number of investigators. With our present knowledge of
the anatomy of the type-specimens of 2. corethrurus and
of those specimens from other localities which have been
referred to this species, this question cannot be satisfactorily
answered without a re-examination of all the types. The
descriptions given by the various investigators either differ
considerably from each other in essential points, or they are
insuflicient to enable one to satisfactorily determine a speci-
men. Dr. Rosa (1) has, as is well known, endeavored to



Q0 CALIFORNIA ACADEMY OF SC/IENCES. [PrOC. 3D SER.

harmonize all the conflicting statements and descriptions,
and has expressed the opinion that all refer to one single
species, which must then be known as Pontoscolex core-
thrurus (Fr. Miiller). Horst and Beddard, who are the only
other investigators of this species, readily coincided with
the views expressed by Rosa; and Beddard, in his large
monograph on the Oligochata, has joined the variously
described species, Urocheta hystrix, U. dubia and Ponto-
scolex corethrurus, under the one head, P. corethrurus. 1
do not concur with them in this arrangement, as my speci-
mens differ from those described by Beddard in at least one
very important point, namely, the location of the spermathe-
cal pores. Beddard distinctly states (45) that ¢‘ the aper-
ture is in each case placed quite close to the anterior margin
of the segment.”” Inanother place he states that the sperm-
athacee are in segments VII, VIII and IX. It can only
be understood from this that the pores are situated in the
anterior parts of VII, VIII and IX, and near to the anterior
margin of the respective segments. In my specimens from
Mexico, the pores of the spermathecz are preseptal, that
is, they are situated in the posterior part of the somites,
which character I think is of sufficient importance to be of
specific value. If, after re-examination, the postseptal posi-
tion of the spermathece in the species examined by Bed-
dard, Rosa, and Horst proves to be constant, then there
will remain no doubt as to the specific difference of my
Mexican specimens.

A re-examination of the various specimens described as
Ponitoscolex corethrurus is, therefore, highly desirable, and
until this is made the question of the distribution of Ponto-
scolex cannot be finally settled. There is every reason to
believe that several additional species of Pontoscolex will
soon be found. In his monograph on the Oligochzta, Bed-
dard recognizes the following species: 2. corethrurus (Fr.
Miiller), 2. arenicola Schmarda and . kawaiiensis Bed-
dard. To this number has recently been added another,
P. Lilljeborgii (Eisen 19). The fact that we possess
four distinct species of Pontoscolex argues very strongly
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against the supposition that Urocheta kystrix, U. dubia and
Pontoscolex corethrurus are one and the same species.

Following will be given a detailed description of Ponto-
scolex corethrurus subsp. mexicanus.

ExTERNAL CHARACTERS.

Size.—(figs. 1-6.) The average length of the Tepic
specimens is much less than that of the specimens from the
Cape Region. The largest of them average 111 mm., the
smallest 95 mm.; the width in front of the clitellum at the
narrowest part is about 3 mm. Specimens from the Cape
Region measure 200 mm. in length, with a diameter of 4
mm. The number of somites in the Tepic specimens
ranges between 145 and 212. Figure 1 represents a spec-
imen natural size, narcotized and preserved in alcohol.
‘The specimen is not, however, as extended as when crawl-
ing about during life.

Sele.—The anterior sete are strictly paired and the
dorsal setz are likewise paired till they reach somite XII,
where they begin to separate a little, continuing about
equidistantly in XII, XIII and XIV, and running only
slightly deltoid. In XV they separate more, and in XVIII
they are at the greatest distance apart, continuing to remain
the same to about somite XLII. In or near this latter
somite setee ¢ continue in a straight line to the caudal zone,
or for about 44 somites from the tail-end. From the caudal
zone to the tail-end the arrangement of the setae is quin-
cuncial, in the same manner as has so often been described
and figured by various investigators. The difference in the
size and location of the seta in somite II (figs. 3 and 4) has
already been mentioned.

There is a difference between the penial setz of my
specimens (fig. 7) and those figured by Perrier. His fig-
ure represents a penial seta with sixteen cup-shaped depres-
sions, while the setze of my specimens have only eight or nine.

Anterior Somites.—(figs. 2, 3, 4.) Although Horst (17)
has shown that there exists a real prostomium extending
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beyond somite I, Beddard (86) has nevertheless found it
necessary to question the presence of this lobe. Thus we
find in his definition of the species, ‘‘ prostomium absent.’’
My sections show conclusively that Horst is correct in
his statement, and that a prostomium is really present,
though it is of small size (supposing, of course, that my
Mexican specimens do not differ in character from those
of Horst, or that Beddard and Horst really examined the
same species, of which I am not convinced).

The prostomium is frequently retracted, and in specimens
which have been directly immersed in alcohol it is probably
always retracted to such an extent that it cannot be seen
from the exterior. Infigs. 2 and 3 the prostomium is shown
as seen from the lateral and ventral sides; in fig. 4 it is
seen retracted. This peculiarity probably accounts for the
statements of various authors as to its presence or absence.

The inner, anterior lips (fig. 9) of the prostomium are
distinct and swollen, showing a bilobed apex. The entrance
to the alimentary canal begins between the two lobes.

Somite I is much wider dorsally than ventrally, as shown
in fig. 9. The surface of the posterior part of somite I is
sulcate in the direction of the long diameter of the body,
and the whole of somite II is similarly sulcate and rugose
(figs. 2—4). Somite II is much wider than somite III and
slightly wider than the dorsal part of somite I. Somite II is
the most anterior somite having setze. The anterior somites
increase in width towards IX, and somites VI-IX are gen-
erally much shorter and more prominently ringed than the
others. Somites X to XIV are of almost the same size, and
the middle ring of each of these somites projects much less
than do those in the anterior somites.

Clitellum.—(fig. 5.) The clitellum begins with somite
XV and extends through one-fourth of XXII. It is well
defined, especially with the beginning of the anterior part
of somite XV. Anterior to this, the body is narrower than
in somite XV and those following.

Exteriorly viewed, the clitellum is saddle-shaped, but
there is a continuous row of clitellar cells even on the
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ventral side of the body. This ventral zone is quite narrow,
gradually increasing in width towards the tubercula puber-
tatis (fig. 5).

Caudal Zone.—(fig. 1.) The location of the caudal
zone varies considerably in different individuals, as may be
seen from the following table of specimens taken at random
from the collection from Tepic. The numeralsindicate the
number of somites from head to zone and from end of zone
to end of tail, etc.

From head to Caudal zone. From end of ‘Total.
caudal zone. caudal zone to
end of tail.

No. 1. 111 6 74 191
No. 2. 108 5 76 189
No. 3. 118 6 71 195
No. 4. 111 5 54 170
No. s. 107 5 48 160
No. 6. 113 5 44 162
No. 7. 107 4 wanting 117
No. 8. 118 8 74 212
No. 9. 110 7 28 145

As will be seen from the above table, the caudal zone
generally consists of from five to seven somites, the number
differing according to its location. The distance from the
clitellum is more constant than the distance from the tail-
end. The former varies from 107 to 118 somites, the latter
varies from 28 (or none) to 74 somites. The two specimens
with the very short tail may have had a portion broken off;
still the variation is such as to clearly show that the distance
to the tail-end is the least constant one. The structure of
the caudal zone will be referred to later.

Tubercula Pubertatis.—(figs. 19, 20.) The continuous
elevated ridges constituting the tubercula pubertatis have
already been referred to as occupying somites 15 XIX-—
%% XXIII. They begin in the center of XIX and end in the
center of somite XXIII. Cross-sections show that this ridge
is a true tubercula pubertatis organ, being composed of the
same kind of glandular cells as are found in other genera,
such as Sparganophilus and Benhamia, and which have also
been figured by Beddard, Benham and others. There is
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a great similarity between the structure of these tubercles
in the present species and those found in Sparganophilus.
The glandular cells (fig. 20) are long and narrow, pear-
shaped, or oblong and club-like, with round nuclei near the
wide distal apex. Between them are also found other
glandular clitellar cells, as well as a few hair-tipped sense-
cells. The most interesting feature of these true tubercula
pubertatis cells is that they extend through the two muscu-
lar layers of the body-wall to the ccelomic epithelium, but
do not penetrate into the ceelomic cavity (fig. 19). Similar
cells are found in Diplocardia Kocbele:.

Beddard has shown that there are, as regards structure,
two kinds of tubercula pubertatis. In one of these the
glandular cells extend into the ccelom, as in Pericketa,
while the other kind is associated with glands which do not
extend into the ccelomic cavity, but which are confined to
the epidermis. Beddard’s suggestion that this morpholog-
ical distinction may not prove to be of very great importance
is undoubtedly correct. In Pontoscolex we find that these
glands are intermediate between the two extreme types.
In a very few instances I have observed one or two of
them penetrating the ccelomic epithelium, which makes
the transition all the more complete, and proves what
has already been suggested (Eisen 18), that in the ter-
restrial Oligochata the tubercula pubertatis are always of
the same morphological nature, whether their exterior forms
take the shape of ridges or papille; also that the differences
consist principally in the size of the glands and in the num-
ber of sense-cells between them. In Pontoscolex these
sense-cells are few and small; they are never found on the
ridge of the papillee, but are confined to a narrow groove on
either side, very much as in Sparganophilus. The tips of
the sense-cells project through the cuticle; they are knob-
like, appearing very much like minute pin-heads, and are
about as long as the cuticle is deep (fig. 20).

The tubercula pubertatis glands do not immediately join
the clitellar glands. There is a narrow zone of narrow
glandular cells which separates the tubercula pubertatis
ridge from the regular clitellar cells (fig. 20).



Zoor.—Vor. IL] EISEN—OLIGOCHAETA. 95
INTERNAL CHARACTERS.

Body-wall.—(figs. 11, 17, 20.) In a longitudinal section
of the body-wall we may readily observe howin the anterior
somites the muscular layers are arranged in a characteristic
manner. The general rule in Oligochata is for the two
muscular layers to be rather closely superposed, continuing
in the same intimate relation throughout their length. In
all the anterior somites of Pontoscolex the distance between
these two muscular layers varies, even in various parts of
the same somite. Thus,in the posterior part of one of these
somites, beginning at the center, the two muscular layers
are, as usual, placed one on the other, with no prominent
space between. In the anterior part of the same somite the
two layers are not so placed, there being large open spaces
between them, separated only by narrow muscular strands
(figs. 9, 17). The most anterior somites are most differen-
tiated in this respect, the posterior ones the least so, and
between these two extremes thereis a series of intermediate
grades. Thus,in somites II to VI there are six small open-
ings; in VII to IX, five openings; in X, four openings; in
XI, three; in XII, two; and in XIII there is but one. It
is not claimed that these numbers are always constant, but
they were the same in the three specimens which I sec-
tioned up longitudinally. In the posterior somites, begin-
ning with XIV, the two muscular layers are as intimately
superposed as in most other worms.

We may also note another peculiarity of the epidermis,
namely, the absence of unicellular glands in the anterior
part of the somites lying furthest anteriorly. Even in the
other somites it is found that the posterior part contains
more unicellular glands or goblet cells than the anterior
part (figs. 11, 17). These glands are of two kind, judging
from their staining qualities. In almost every longitudinal
section there will be found one or two unicellular glands
which stain reddish with such stains as toluidine or thionin;
while all the other glands take a bluish stain. The position
of the reddish staining glands appears to be quite constant
in the posterior part of the somite.
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Auditory Cells.—(figs. 98-111.) In a previous paper
(Eisen 19) the auditory cells have already been described
in detail. After these investigations were completed, how-
ever, a few very young specimens of Ponioscolex from
Tahiti were received through the courtesy of Mr. Alexander
Craw. As the worms were alive when brought to me,
opportunity was afforded for careful fixing, and the study
of these specimens has enabled me to settle some points
which were left in doubt in the former paper. Especial
reference is made to the very minute structures found in
every auditory cell, which the author described as nerve-
endings or nerve-plates. This decision does not now appear
to be correct, however. The new methods of fixing have
made it possible to more clearly demonstrate their minute
structure. k

In a former paper on the blood of Batrachoseps (Eisen
21) the name archosome was suggested for the structure
composed of centrosome and spheres, and in the following
descriptions this term will be used to designate the struct-
ures which were at first supposed to be nerve-plates. They
are not situated on or at the surface of the cell, but in its
interior, about half way between the nucleus and the cell-
wall. The archosomes are of varying size: some are very
small (possibly due to a state of shrinkage) and show no
interior structure; others are comparatively large and are
distinctly differentiated. The largest archosomes appear
as a flat disc, as large or larger than the nucleus of the
cell. Between these two extremes there is a series of inter-
mediate sizes and forms. DBut, small or large, the archo-
somes always appear to be surrounded by a defining mem-
brane which is very sharply defined in the largest of them.
The archosomes, even in the small cells, are frequently
unequal both in size and form (figs. 100, 101); more rarely
they are of the same size (figs. 99, 109, 102, 100).

In each archosome there are nearly always two defin-
able zones, one interior to the other. The outer of these
zones, which is much the larger, I identify as the archo-
plasm or centrosphere (Eisen 20). In this sphere there
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may be seen one or more dark-staining dots, the centro-
somes, surrounded by a more or less diffused zone or
sphere,—the somosphere (Eisen 20). The latter is either
star-like, as in fig. 106, or well defined and spherical, as in
figs. 105 and 106. In some archosomes I have found two
separate somospheres, each with one or more centrosomes.
In fig. 107 one of the somospheres in ¢ is much larger than
the other and contains two centrosomes connected by a
dark band. In the specimens from Tahiti, I have never
found a cell in which more than two archosomes could be
identified with certainty. Their position in the cell is very
constant, always below the nucleus, close to the central
cylinder of cytoplasm, which projects from the nucleus
downwards. In a specimen from Mexico, four or more
archosomes (Eisen 19) were found in some of the cells.

The radiations which are frequently seen projecting from
the archosome and which are, sometimes, as clearly defined
as fibers are probably of strictly cytoplasmic nature and
possess, perhaps, the function of supporting the archosome.
As regards the other structures of these cells, I can add
but little to the previous descriptions. The cytoplasmic
agglomeration designated as otosome is easily fixed with cor-
rosive sublimate or alcohol, but not so well with other fixa-
tives. It cannot be demonstrated in every cell. The very
fine plates supporting the cytoplasmic cap above the nucleus
(fig. 98) are rarely satisfactorily stained except by the
Benda iron-haematoxylin method.

Finally, mention must be made of a most peculiar form
(fig. 100) of archosome which the author has observed
only a few times. Its shape is that of a long sausage-like
body of reticulated structure throughout, in which are seen
several dark-staining granules, especially at the poles. Its
location is always the same as that of the other archosomes,
among which it appears to be an unusual or abnormal form.
Asregards earlier observations of the otosme, I find that Dr.
Horst (17) distinctly but faintly outlines this body (fig. 37,
Tab. IV,) but makes it appear as though connected with
a tube running between the cell and the cuticle. He does
not refer to it in the text.
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Caudal Zone.—(figs. 1, 21, 22.) The location of this
zone has already been described. It has been generally
known as the ‘¢ zone of growth,’” almost ever since it was
so called by Schmarda. The zone of growth was first
referred to as such by Fritz Miiller, and since his time
every investigator who has had an opportunity to study
this interesting genus has speculated upon the significance
and purport of this unusual structure. Fritz Miller and
Beddard are of the opinion that the zone of growth is a
place where new segments originate and where they may
be most readily renewed. Beddard assumes that this
swollen zone will easily break, and that at this point rapid
segmentation is possible.

Horst (17) does not share Beddard’s opinion. He points
out that the zone is characterized by a large number of
capillaries and figures these vessels (Tab. IV, fig. 40),
but suggests no special use for them in this region. Upon
what feature of the zone Beddard founds his theory of
regeneration is not quite evident. Out of many hundreds
of specimens of Pontoscolex collected by the writer, only
one was found in which the caudal zone forms the terminus
of the body, and here it is evident that the tail-end has been
lost. I do not find, however, that Pontoscolex is more easily
torn than other worms, and cannot see how the above the-
ory explains the formation of this extraordinary structure,
as far as known, only once paralleled elsewhere. I have
sectioned a number of these zones of growth but have yet
to find a single cell in mitosis, though the specimens were
young and undoubtedly growing. This certainly seems to
indicate that if the caudal zone is a place for active growth,
the activity is apparent only under certain conditions, as
when the tail is being regenerated, as suggested by Bed-
dard. But if regeneration of the tail of Pontoscolex is an
occurrence so common that a special organ is required for
the work, we should expect to find a large number of
worms with broken tails, which is not the case.

In regard to this zone, I can only say that the specimens
examined by Dr. Horst differ materially from those I have
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studied. While Dr. Horst has found an increased number
of blood capillaries in the zone, I, on the contrary, find the
zone to be remarkably free from blood-vessels in the epi-
dermal layers. The long row of capillaries seen in Horst’s
figure does not appear in my preparations, and there is
certainly nothing easier to demonstrate in an Oligochata
than blood-vessels, large or small.

The caudal zone is characterized by the very narrow
segments of which it is composed. Any other portion of
the worm of an equal length contains only about half as
many segments as the zone itself. This further implies
that the zone contains about twice as many septa and twice
as many nerve-glanglia as any other portion of the body,
and is therefore stronger and more sensitive than any
other portion.

The structure of the epidermis of the zone is quite inter-
esting. Horst and Beddard have commented upon the
absence of glandular goblet cells in the epidermis of the
zone, and Beddard has used this as an argument in favor of
his theory of regeneration and growth. Horst (17) has
pointed out that the absence of goblet cells and the presence
of columnar epithelial cells makes a structure different from
that which we would expect to find in a zone of growth,—
such a one as is found in Nais, Chetogaster, Lumbriculus,
etc.,—and that there is, in fact, no trace of any embryonic or
primitive features in the zone. If to this is added the fact
that the zone is most regular in the size and number of its
somites, it appears as though very little remains to indicate
that it is a zone of growth and regeneration.

If the histological structure of the epithelium of a seg-
ment of the zone is considered, it is found to consist of two
distinct structures: one of these borders the intersegmental
groove and is composed of uniform, large and regular sup-
porting cells with large ovoid nuclei; the other occupies the
larger portion of the epidermis and lines the outer convex
part of the somite; it contains comparatively few support-
ing cells, but has a large number of cells of a different
nature. In fig. 21 I have endeavored to illustrate this;
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7. gr. represents the part of the epithelium facing the inter-
segmental groove, while ex indicates the convex part. The
great majority of the cells are long and narrow, tapering
from the cuticle.

Figure 22 represents a single cell. Of these cells there
are two different forms: one has a short nucleus in which is
always seen a large central nucleolus; the nucleus of the
other is longer and narrower, generally without any nucleo-
lus. The cytoplasm of the two cells differs; it is agglomer-
ated behind the nucleus in one, but is not so placed in the
other. This cytoplasmic clot stains a brilliant red with thio-
nin, just as do the nuclear chromosomes of the several cells.
The structure of these cells points to a difference in func-
tion also, and undoubtedly they serve a purpose other than
that of supporting cells. I believe them to be some kind of
sense-cells. The free distal ends are drawn out finely and
are frequently seen penetrating the basal membrane separat-
ing the epithelium from the muscular layers, finally losing
themselves among the muscles and connective tissues. The
cells cannot be organs of smell or taste, because they do
not end in sense-hairs; but they are eminently adapted to
function as organs of touch, and are probably especially sen-
sitive to vibrations. Their free ends offer an unusually large
surface to the exterior. The distal ends, which are very
thin, project beyond the regular line of the epidermis
and connect with nerve-fibres. Similar cells are found
among the goblet and supporting cells of the epidermis of
the general body-wall, but they are present there in small
numbers. I also find such cells to be numerous in the
cephalic lobe of many species, a proper location, the prosto-
mium being principally an organ of touch. The decreased
number of supporting cells, the narrowness of the somites,
enabling twice the number of nerve-centers to be present
in the same space, and the great number of ¢‘ touch cells™
would, therefore, it seems to me, make the caudal zone
especially sensitive to vibration or to touch, and increase
its efficiency as an.organ of touch.
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But what would be the advantage of such a zone? Undoubt-
edly a greater sensitiveness at the point of the tail of the
worm where it projects out of the mud or soil.  Pontoscolex
is mainly a mud worm, one species, Pontoscolex Lilljborgit,
being Limicolide in its habits. The species under discussion
was found to be common in wet places,—along river banks,
etc., where the mud was barely covered by water.
The least movement of the ground causes the worms to
retire rapidly down the burrows. Like all other aquatic
Oligochata, the favorite position of Ponfoscolex is with the
tip of the tail extending above the mud, making the caudal
zone its point of contact with the surface of the soil.
It is evident that were this point especially sensitive it
would be of great advantage to the worm, enabling it to
quickly detect vibrations caused by the approach of birds or
other enemies, and giving it time to retreat into the burrow.

But T believe the caudal zone to possess also another
function of no small importance. It is especially rich in
muscular fibres (fig. 21), much more so than the somites
adjoining the zone. Upon several occasions I have observed
the caudal zone to bulge out and increase in width when
the live worm was touched. This swelling up of a portion
of its body would undoubtedly help the worm to retain its
hold in the ground, and prevent its being easily pulled out.

Protective Structures.—Other devices which enable this
worm to retain its hold in the ground are the peculiar vacu-
oles in the anterior somites and the corkscrew twist of the
body. The former enables the worm to suddenly extend
the muscular layers and to hug the soil closer. The cork-
screw twist must serve the same purpose.

The extensive distribution of Pontoscolex would indicate
that it must be unusually well protected. To the protective
organs just described we must also add the intratyphlosolar
canals which enable the typhlosole to discharge into the
intestine; these canals will be described later. To reca-
pitulate, the organs and structures which are especially
favorable to the survival and consequent distribution of
Pontoscolex are as follows:— '
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1. The anterior vacuoles in the muscular layers of the
body-wall, which enable the body to suddenly expand and to
cling to the burrow.

2. The caudal zone which partly serves the same purpose
and which also enables the worm to quickly perceive the
approach of enemies.

3. The corkscrew-like twist of the posterior portion of
the body, which enables the worm to more readily cling to
the soil.

4. The auditory cells in the epidermis.

5. The intra-typhlosolar canals, which enable the typh-
losole to evacuate itself into the intestine.

6. The quincuncial arrangement of the posterior sete,
enabling the worm to cling to the burrow with greater
tenacity.

Septa.—(fig. 9.) There are especially thickened septa.
The one furthest anterior is found between somites 11I and
1V, and therefore bounds the posterior surface of the
very large suprapharyngeal gland. This septum is as thick
as any of the posterior ones. No such septum is figured
by Horst (17, fig. 33), and this further strengthens me in
the belief that the specimens he studied belong to a differ-
ent species from mine. The septa which should be separat-
ing IV/V and V/VI are absent, but the following septa are
greatly thickened. There is no septum between IX and
X, a character which is possibly of generic importance.

Spermathece.—(figs. 8, 11.) The spermatheca of
Pontoscolex corethrurus have more than once been wrongly
located, and nowhere do I‘find it explicitly stated where
and how they are situated. The most important character
of spermathecz generally is the position of the pores. The
pores may be either preseptal or postseptal, and the main
body of the spermathece is situated either in the same somite
as the pores, or in a somite anterior or posterior to the somite
containing the pores. Beddard’s statement that the sper-
mathecaz are found in somites VI, VII and VIII has already
been referred to in this paper. Horst (17) in his latest
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paper does not refer to the spermathecal pores, and in an
earlier paper (7) he states that these pores are on the front
margins of VI, VII and VIII, in front of the nephropores.
If this is constant, then the species described by Perrier,
Rosa, Horst and Beddard cannot be identical with my
species, in which the spermathecal pores are situated in the
posterior part of VI, VII and VIII, while the spermatheca
themselves are in VII, VIII and IX.

Suprapharyngeal Glands.—(fig. 9.) This very large
mass of glands which discharges into the pharynx extends
backwards to the posterior part of somite III, where it is
bounded by the very thick septum separating III and IV.
From this septum there radiate forward a number of muscu-
lar strands which separate the lobes of the above glands,
and which are, furthermore, attached posteriorly to the
muscular walls of the pharynx. The glands are distinctly
unicellular, each with its own duct, which in many instances
can readily be followed to the pharynx. The discharge
pockets (fig. 10) are globular, with very narrow ducts.
The pharyngeal glands are developed only dorsally. There
are no other septal glands.

Calciferous Diverticles.—(figs. 23, 24, 25.) The three
pairs of calciferous diverticles open separately into the
intestine from the posterior part of their respective somites.
Each diverticle opens independently of the others and on
the dorsal part of the intestine. The histology of the
diverticle has already been described in a general way by
Perrier (5), more particularly the vascular part connected
with these organs. I can add only a few details.

The three pairs of calciferous diverticles are similar in
their structure and secretions, the latter being composed of
spherical lime-globules without any characteristic structure.
The secreting cells are narrow and only one layer thick,
with round or oblong nuclei slightly narrower than the cell
is wide. The lime-globules vary considerably in size, the
largest being of the same diameter as the larger nuclei of
the secreting cells. No crystals were found.

(2) December 15, 1899,
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A cross-section of a calciferous diverticle shows it to be
composed of layers and hexagonal chambers rather regu-
larly arranged in rows. Between each chamber there is a
tiny blood-sinus. This blood-sinus surrounds the glands on
all sides, but it is larger at certain points. On the exterior
of the diverticle we find blood-vessels with distinct walls.
On the dorsal side of the diverticle the blood-vessels are
covered by chloragogen cells which are characterized by the
manner of their attachment. Instead of being affixed by a
single spur, they adhere to the vessels by means of several
narrow projections (fig. 24). Each diverticle enters the
intestine by a separate ciliated duct, the ciliation continuing
some little distance into the diverticle (fig. 25, X). The
blood-vessel supplying the diverticle is directly connected
with the large median, dorsal vessel, a section through this
part showing the two vessels to be continuous and even and
without valves. ‘

There is a continuous blood-sinus in the sacculated intes-
tine in the clitellar somites, which varies greatly in thickness.
The blood ‘is never found crystalized, as, for instance, in
Sparganophilus.

In somites XVI and XVII the muscular layer of the
intestine is considerably increased in thickness, and is
about three times as wide as usual. The sacculated intes-
tine commences in XVIII. The intestinal epithelium in
somites XVI and XVII is strongly ciliated.

Typhlosole.—(figs. 36 and 37.) This organ is large,
being sometimes twice as long as the diameter of the intes-
tine. It is twisted and folded, but always dorsal. The
blood-sinus occupying the center of the typhlosole is at
certain intervals enlarged, forming globular or oval cham-
bers. The epithelium of the typhlosole consists of rather
short cells of the same nature as the cells of the intestine
proper. The central blood-sinus in the typhlosole is con-
fined by a distinct and nucleated membrane (fig. 36 &).
The typhlosole consists of an enormously enlarged epithe-
lial fold with a central blood-vessel, and is thus not a mere
fold of the whole intestine, as for instance in A /olobophora,
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where the center of the typhlosole is occupied by two rows
of chloragogen cells. In our species of Pontoscolex the
blood-vessel occupies the central part of the typhlosole,
there being no trace of chloragogen cells.

The biood-supply of the typhlosole is derived from the
dorsal vessel in two different ways, alternating with each
other in each somite. One of these methods of supplying
the blood is by a median, perpendicular vessel which dips
down from the dorsal median vessel into the typhlosole.
This vessel is very short. Besides this perpendicular ves-
sel, there are paired lateral vessels which start out sideways
from the dorsal vessel and alternate with the perpendicular
vessel (fig. 35). They connect more laterally with the
blood-sinus of the typhlosole (fig. 36 ).

Intra-typhlosolar Canals.—(fig. 36.) Throughout the
length of the typhlosole there exist in the upper part of this
organ a great number of internal ciliated canals enclosed by
a muscular investment continuous with the circular muscular
layer of the intestine. These canals, which are short,
occupy the part of the typhlosole situated between the
lateral and median vessels which supply the typhlosole with
blood, as previcusly described. In transverse sections
passing directly through, or in the immediate vicinity of,
these vessels, no intratyphlosolar canals are cut through;
but as we approach midway between these lateral and per-
pendicular vessels cross-sections of these canals come into
view. Generally there is but one canal, but there may be
two or even three parallel canals, of which one is larger
than the others. These intratyphlosolar canals originate in
the interior of the typhlosole, follow this organ in a parallel
line for some little distance, and then bend sufficiently to
open out into the upper part of the intestine at its junction
with the typhlosole (figs. 37, @, &, ¢). There is no connec-
tion between the canal and the ceelomic cavity.

These canals are all of the same uniform structure,—a
single row of cells with very large nuclei. The cells are
ciliated along the lumen of the canal and resemble those of
the sperm-duct. These canals probably serve as safety
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valves, enabling the typhlosole to discharge superfluous
blood into the intestine. The advantage of such canals is
apparent in a typhlosole of such large dimensions as that of
Pontoscolex.

Chloragogen Cells.—(figs. 24, 26, 37.) The chloragogen
cells of the dorsal vessel are of a different structure from
those of the intestine. They lack the granules possessed
by the latter and they stain less intensely with aniline stains,
such as eosin. The chloragogen cells of the intestine are
much longer on the dorsal side, gradually diminishing later-
ally. The long dorsal cells are separated from each other
by very narrow interstitial cells with narrow nuclei (fig. 37
a). Further down the sides of the intestine no such inter-
stitial cells are found.

Corresponding to the long dorsal chloragogen cells we
find similarly very long epithelial cells on the opposite and
inner side of the intestine (fig. 36); they are, however,
slightly shorter than the chloragogen cells. Laterally the
epithelial cells narrow down in the same way as the chlora-
gogen cells on the opposite side of the blood-sinus.

Vascular Systenm:.—The dorsal vessel is much enlarged,
occupying about one-fifth of the body-cavity in somites XI
to XVII, though even posterior to the latter segment it is of
considerable size and of nearly the same thickness. The
dorsal vessel is not strictly double, as for instance in Ponto-
scolex hawaiiensis Beddard, but it may be said to be rudi-
mentary double. By this I mean that cross-sections show
that in certain places, probably in the center of the somites,
the vessel is divided through the center by an upright bar,
which undoubtedly represents a diaphragm dividing the
vessel longitudinally. After entering somite X the dorsal
vessel narrows down. The supraintestinal vessel is enlarged
in two or three somites, the enlargement beginning just in
front of the sacculated intestine in XVII and extending for-
ward as far as XII, at which point it becomes much narrower.

There are two pairs of hearts in XI and XII, both con-
nected with the supraintestinal vessel. There is considerable
difficulty connected with the counting of the septa, owing
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to their thinness and intricate folding, but it is certain that
the last heart is found in the same somite as the sperm-
funnel.

Neplridia.—The nephridium is furnished with a ccecal
pouch, and is of large size. It is differentiated into two
large wings at the junction of which is situated a bulbous
spinxter (figs. 12—-16). The upper part of this spinxter is
ciliated. It consists of a number of closely packed, lamellz-
like cells, with lamellated cytoplasm. The ccecum leads
into a short narrow duct which opens into a bulbous, gland-
ular chamber. The glandular pouch is present in all
nepridia posterior to the clitellum. The spur is long and
unusually narrow. The windings are much smaller than in
most other nephridia. There is a narrow ¢ bridge’” without
cilia. I have not had the time to study out the course of the
canals, but it appears to be more complicated than in Aer-
ria, Argilophilus and Microscolex, in each of which genera
I have followed them in detail. There are numerous blood-
vessels both in the pouch and the folds, as well as in the
spur; and owing to them and to the numerous muscles
attaching the nephridia to the body-wall, the study of the
ducts is difficult. The nephrostome is of large size, larger
than I have seen in any other nephridium. In form and
structure it resembles the drawing given by Perrier, but the
funnel is always situated in the somite next anterior to the
nephropore. The nephridium is readily dissected out
entire. The most anterior nephridium has the form deline-
ated by Perrier. I can find none of the funnels described
by Beddard as belonging to this nephridium. The peculiar
gland forming an appendix to the central part of the
nephridium consists of several rows of very large bottle-like
cells (fig. 126.) with a coarsely granulated secretion which
is so dense as to hide the nucleus of the cell even in quite
thin sections. This granular substance stains intensely
blue with the methylen colors. The cells open into a wide,
common lumen. The inner cells are surrounded by much
smaller cells with distinct membranes, also containing a
coarse granulation, which, however, stains but feebly.



108 CALIFORNIA ACADEMY OF SCIENCES. [ProC. 3D SER.

Lymphocytes. — (figs. 110, 111.) The lymph of the
ceelomic cavity contains numerous lymphocytes of various
kinds, but principally ameebocytes. The lymph exuded
from the irritated animals consists almost exclusively of
amaebocytes and a few eosinophile cells.

The ameebocytes are of different sizes and forms, some
being perfectly round and showing no pseudopodia, while
others show numerous examples of such ameboid projec-
tions. Between these two extremes there are numerous
intermediate gradations. One of the most extreme forms
is figured at &., fig. 110. 'The pseudopodia may be broad
or pointed, many or few. The cytoplasm shows in places
a branching or foaming structure (/)) with concentrations
of greater density in the longer arms. The archosome
(Eisen 20) is more or less well defined and shows at least
two concentrically arranged zones, one exterior to the
other. The interior zone stains darker, and may, perhaps,
be composed of centrosomes. The archosome is often
surrounded by a denser granulated cytoplasm which is
probably homologous with the granosphere. In double
staining with eosin and methylen-blue, the archosome with
the granosphere stains distinctly red, while the balance of
the cell stains blue. The nucleus varies in shape and is
either rounded and even, or polymorphous, as in leucocytes;
but as there are intermediate forms, I conclude that all
belong to the same class of lymphocytes.

FEosinophiles.—These are found in limited number; they
are smaller than the amcebocytes, round, globular, without
any amceboid projections, and their cytoplasm is composed
of numerous intensely staining globules of erythrophile
nature. The diameter of the eosinophile granules is about
one-twentieth that of the cell itself. The nucleus of the
eosinophile cell is much smaller than that of the ameebocyte.

Microcytes.—(fig. 117.) This name is proposed for very
minute, non-nucleated bodies occurring in large numbers in
the lymph, scattered among the lymphocytes. These bodies
are oval in shape, pointed at both ends, and of different
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sizes. The largest of them are never longer than the short
diameter of the nucleus of the lymphocyte, but they are
generally very much smaller. The majority of microcytes
show a central dark-staining point, while others are appar-
ently homogeneous, with only a shaded center. These
microcytes are scattered everywhere in the lymph and even
among the tissues, and now and then are found even in
the cytoplasm of the amoebocytes. The smallest micro-
cytes in some respects resemble bacteria, but the great
variation in sizé precludes the possibility of their being
such. It is possible that the microcytes are homologous
with plasmocytes (Eisen 20). I believe they will be found
to constitute regular elements of the lymph.

OCNERODRILINE.
GENERAL REMARKS.

There can be no doubt, as Michaelsen has pointed out,
that Beddard’s genus //yogenia is a true Ocnerodrilide,
the only distinguishing character being the absence of pros-
tates. The same character distinguishes the author’s genus
Phenicodrilus, which, being later than Beddard’s genus,
must be withdrawn.

The prostates in Ocnerodrilus vary so much in size and
development that it is difficult to determine when they are
entirely absent.. In Phanicodrilus tepicensis a trace of the
prostate remains as an atrial chamber near the male pore.
In the closely related species 2. fasfc there is no trace of
this muscular part of the prostate. The former species thus
stands intermediate between Ocnerodrilus and /lyogenia or
LPheenicodrilus taste. Pygmeodrilus has already been with-
drawn by Michaelsen, but I prefer to retain both //yogeniu
and Pygmeodrilus as subgenera, to which I have added five
others, each subgenus being defined by several characters.

Most of the African species belonging to group V seem
to differ from all the other species in having the male pores
approximated, a fact which is interesting to note in connec-
tion with Michaelsen’s suggestion that the family of Eudril-
inee has descended from Ocnerodrilide ancestors.
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A perusal of the key shows that these subgenera are not
all of the same value. Ocnerodrilus (sens. str.) differs
from all others in its peculiar sperm-sacs and in the absence
of spermathece. [Enicmodrilus and [lyogenia, on the con-
trary, are more closely related. NVematogenia and Haplo-
drilus are quite distinct and had best be considered as
distinct genera. Nemalogenia is especially remarkable on
account of its nematocytes or thread-cells, structures found
in no other oligochzta.

Ocnerodrilus Ezses.

Definition.—Small terrestrial or aquatic worms. Sete eight, paired.
Clitellum includes the male pore in XVII. Pharyngeal and septal glands. A
pair of intestinal diverticles in IX. With or without spermathecz. One or
two pairs of testes. Ovaries in XIII. With or without racemose sperm-sacs.
With or without prostates, which, when present, open with the sperm-ducts,
or, when more than one pair, in the somite immediately behind.  Prostate
contains only one layer of cells. No penial setee. Two pairs of hearts. Lat-
eral blood-vessels pass through the intestinal diverticles. Meganephridia
paired, present also in the anterior somites, generally with ccelomic cell-
mantle, sparsely traversed by blood-vessels.

Key To THE SUBGENERA AND SPECIES OF Ocnzerodrilus.
Ocnerodrilus, Leiodrilus, Pygmeodrilus, [lyogenia, Enicinodrilus, Nemai-
ogenia and Haplodrilus.

I. Prostates present. Two pairs of testes. No racemose sperm-sacs.
Small, simple sperm-sacs capping the testes. No spermathecze.

Ocnerodrilus Eisen, (sens. str.)

I. occidentalis EISEN.
2. occidenlalis var. sinensis var. nov.
3. occidentalis var. arizone var. nov.

II. Prostates present. Two pairs of testes. Racemose sperm-sacs. No
sperm-sacs capping the testes. Spermathecze in IX, without
diverticles.

Enicnodrilus, subgen. nov.

4. Sperm-ducts with a thick muscular investment near the pore.
Spermathecze large and globular. Prostates of medinm size.
agricola EISEN.

5. Sperm-ducts with a thick muscular investment near the pore.
Spermathecze long, cylindrical. ~ Prostates thin, below medium

size. Sperm-sacs in IX very diminutive......... Kose EISEN.
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6.

I0.

I1.

I12.

13.
14-

15.

16.

Sperm-ducts with a thick muscular investment near the pore.
Spermathece medium, narrow, cylindrical. Sperm-sacs in IX
large, exteriorly hardly lobed. Prostates thick.

contractus EISEN.

Sperm-ducts not thicker at the pore. No setz abd in XVII.
One pair of very diminutive prostates. Spermathece small,
pear-shaped, without distinct stalk. Sperm-sacs in IX and XII.
Septal glands in V the largest, those in VII and VIII very
small. Margins of setee undulating...... .... Hendriei Eisen.

Sperm-ducts no thicker at the pores. No setee @b in XVII. One
pair of medium size prostates. Spermatheca large, with short
stalk. Racemose sperm-sacs in IX and XII. Septal glands in
VI the longest. Margins of seta undulating.

comondit, sp. nov.

Sperm-ducts not thicker at the pores. No sete @b in XVII. One
pair of diminutive prostates. Spermathece large, with dis-
tinct stalk. Racemose sperm-sacs in IX and XII. Septal
glands in VII the longest. Margins of setee smooth.

. santi xavieri, sp. nov.

Sperm-ducts not thicker at the pore. No sete @b in XVIIL.
One pair of prostates in XVII, and one pair in XVIII. Margins
of setee undulating.................ooo Ll limicola E1SEN.

Spermi-ducts not thicker at the pores. No sete @b in XVII.
One pair of large prostates in XVII. Seta with even margin,
but with a lunate cavity at apex. Spermathece medium sized,
constricted transversely at centre. Racemose sperm-sacs in 1X
and XIL ..o, paraguayensis RosA (40).

Sperm-ducts not thicker at pores. No sete ab in XVII. Sete
with even margin. One pair of small prostates. Racemose
sperm-sacs in XII only. Septal glands in VI the largest.

mexicanus, sp. nov.
mexicanus var. hawaiiensis var. nov.

Sperm-ducts not thicker at the pores. No sete ab in XVII.
Setze with even margin. One pair of large prostates open on
a very large pair of papille. Racemose sperm-sacs in IX and
XII. Septal glands in V the largest. Spermathecz stalked,
sac large, globular, and as wide as two ordinary somites.

tuberculatus, sp. nov.

Sperm-ducts not thicker at the pores. No setz @b in XVII.
Male papille large, surrounded by glandular protuberances pro-
jecting beyond XVII. Prostates large, extending to XXX.
Spermathece stalked, the stalk with a slight local, lopsided
bulging out of the lumen. Racemose sperm-sacs in IX and
D€ NP  cood Calwoodi MICHAELSEN (27).

Sperm-ducts not thicker at the pores. Sete @ absentin XVII.
Spermathecze as well as prostates are very large.
Beddardi EISEN.
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17. Sperm-ducts not thicker at the pores. Seta 6 absent in XVII.
Spermatheca and prostates are very minute.
guatemale EISEN.
18. Sperm-ducts not thickened at the pores. Setee & absent in X VII.
Spermathecz minute. Prostates large......... sonore EISEN.
III. No prostates. Spermathecee in IX, without diverticles. Racemose
sperm-sacs. No sperm-sacs capping the testes. Two pairs of testes.
/lyogenia BepparD, (57).

19. No trace of the muscular part of the prostates remaining.
taste (E1sEN, 17).
20. A trace of the muscular part of the prostates remains as a small

atrial chamber at the male pore......... tepicensis (EISEN, 18).
21. No trace of the prostates remains. Ovaries fused in the median
1 =T R africana (BEDDARD, 57).

IV. Prostates present. Two pairs of testes. Spermathecz in VIII, without
diverticles. Sperm-sacs present in X, XI, XII, not racemose.

Leiodrilus, subgen. nov.
22. FEiseni BEDDARD (20).
V. Prostates present. Spermathecez in IX, with two or more diverticles.
Racemose sperm-sacs. Male pores more or less approximated. Two
pairs of testes.

Pygmeodrilus MicHAELSEN, (12).

23. Male pores close to the median line. Sperm-ducts thickened
near the pores. Spermathece stalked, with 2 to 4 diverticles
each........... ............ bucobensis (MICHAELSEN II, 16).

24. Male pores distant from median line. Sperm-ducts with a mus-
cular, globular enlargement at the pore. Spermathecz with a
row of diverticles at the base.

guilimanensis (MICHAELSEN 12).

25. Male pores close to the median line. One single median sperm-

atheca in IX, with four diverticles.
affinis (MICHAELSEN 1I, I6).

26. Male pores not far from median line. One pair of spermatheca

in IX, with three diverticles.
bipunciatus MICHAELSEN (I6).
VI. Prostates present. Spermathece in IX, without diverticles. Racemose
sperm-sacs. No sperm-sacs capping the testes. Dorsal pores. One

pair of testes. Rudimentary gizzards in VI and VII.

Nematogenia, subgen. nov.
27. lacuwu BEDDARD (39).
28. lacuwin, var. panamaénsis var. nov.
VII. Prostates present. Spermatheca in IX, without diverticles. No race-
mose sperm-sacs. One pair of testes. Nogizzard. No dorsal pores.
Haplodrilus, subgen. nov.
29. Borelli RosA (40).
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Subgenus Ocnerodrilus £Esen.

Structure of Sperm-sacs.—The structure of the sperm-
sacs in Ocnerodrilus (sens. str.) is of considerable interest.
In the author’s description of the type-species of the genus
no mention is made of the sperm-sacs, nor indeed were they
discovered at that time, an oversight explained by the fact
that in O. occidentalis the sperm-sacs do not project from
the septa, but are mere small caps at the end of the testes.
They are so small, even in fully adult specimens, that it is
only in sections that they can be studied. The structure
will be described under the species O. occidentalis, but 1
will here mention that it is identical with that of the sperm-
sacs of the genus Packydrilus which I have lately had occa-
sion to investigate (fig. 132.)

Although always described as being void of sperm-sacs,
Packydrilus really possesses them. Inthis genus the sperm-
sacs are also mere caps of the testes, the latter being multi-
lobed, each lobe carrying its own sperm-sac. This charac-
ter in Ocnerodrilus occidentalis—the lowest species in the
genus—may be an ancestral character retained from its
Pachydrilide ancestors. It is, however, hazardous to place
too much importance on the structure of the sperm-sacs
in a phylogenetic study of a genus, as even in closely
related species they differ widely. Thus in O. Eisen:
the sperm-sacs are not racemose, while in the majority of
other species these sacs are racemose and traversed by
trabeculee. In this instance, however, I think that the
small cap-shaped sperm-sacs of O. occidentalis and of Pacly-
drilus point to a close phylogenetic relationship. Another
Enchytraeide character is found in the diverticles of the
intestine, a character also seen in Eudrilidee, which family
Michaelsen (21, p. 18) claims has descended from Ocnero-
drilide ancestors.

Ocnerodrilus occidentalis E'Zsen.

Prate XII, FiG. 123.

Definition.—Size 15 mm. Sete ab are present in somite XVII and situated
ventrally to the male pore. No spermathece. No racemose sperm-sacs, but
small sperm-sacs capping the testes. Two pairs of testes in X and XI.
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Sperm-ducts are not enlarged near the pore. Ovipores in front of and some-
what dorsal to sete . Septal glands of about equal size. Sacculated intes-
tine in XII. Diverticles of the cesophagus are not divided into chambers.
Prostates, one pair, very thick and large.

Habitat—The type is from Fresno, California. In the
collection there are also a number of specimens from
Durango, Mexico, collected by Mr. James Ainsa in the
parks of the city, in January, 1899.

It is interesting to note that the specimens from Durango
resemble those from California rather than those from
Arizona.

My former description of this interesting species was
based on dissections and not upon sections, and, therefore,
some characteristics escaped observation. Having since
sectioned specimens from the original locality as well as
from Durango, a more detailed description can now be
given.

DeTAILED DESCRIPTION.

Sete.—The ventral sete in the clitellum are a little farther
apart than the corresponding setae anterior and posterior to
the clitellum, the distance e—é being a trifle greater than
the distance c—d. This arrangement is more pronounced in
the Durango specimens.

Sexual Zone.—The specimens from Durango which had
been placed directly in alcohol have in the centre of XVII
a markedly depressed sexual zone, which encloses the two
male papillee. This depression is much less pronounced in
the specimens from Fresno. In the middle of the zone the
two male papille stand out boldly. The papillee are oblong-
rounded, with a narrow wedge-shaped prolongation towards
the median line. The main part of the papill is situated
immediately dorsal to the ventral sete @b, which are both
present.

Septal Glands.—The septal glands, in V to VIII, are all
of about the same size. The species differs in this from the
var. arizone, in which the posterior glands, in VIII, are
much smaller than those anterior. The dorsal part of the
suprapharyngeal glands is continuous with the dorsal part of
the septal glands in V.
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Septal formula:—

V/VI1, VIJVII, VII/VIIl, VIII/TIX, IX/X, X/XI, XI/XII.

Diverticles of the Intestine.—~The diverticles are not
divided by septa as in some of the other species, but possess
interiorly only a few more or less projecting lobes. In this
respect the species resembles the variety.

Testes and Sperm-sacs.—As has been previously stated,
there are really two pairs of testes in X and XI, each
testis being directly connected with a minute, narrow
sperm-sac which does not extend beyond the somite of
the testes. The sperm-sacs project straight upwards and
the testes are very thin, in cross-section only one or two
cells thick. The sperm-sacs are simple and sac-like, cov-
ered by peritoneum. They are nowhere connected with
the septa, but appear to be simply extensions of the testes.
There are no racemose sperm-sacs as in most of the other
species. The sperm-funnels lie quite free behind the testes
in X and XI and do not stand in direct communication with
the sperm-sacs (figs. 123, 132).

Ocnerodrilus occidentalis Z'7sen, sinensis, var. nov.

Definition.—Length 25~30 mm., width 1 mm. Sete ab in somite XVII
are both absent. Sperm-ducts are separated though surrounded by a com-
mon muscular investment, their lumens remaining distinct till they reach the
pore. The muscular investment is not thicker at or near the pore. The pros-
tates are carried forwards (constant ?) as far as somite XIII, and show a slight
bulbous enlargement at the pore. Clitellum, dorsally, XIII-XX; ventrally,
XIV-XIX. Septal glands in V, VI and VII are of equal size; those in VIII
are somewhat smaller. In other respects the variety resembles the species.

f{abitat.—Several specimens collected by Mr. Alexander
Craw from pots containing plants brought from China.
The variations from the type which characterize this variety
are slight, but as the specimens come from China it seems
best to describe them as a distinct variety. The most char-
acteristic features, such as the absence of spermathece and
the peculiar sperm-sac caps which cover the testes, in con-
nection with the absence of other sperm-sacs, show this
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variety to be merely a form of Ocnerodrilus occidentalis.
The septal glands in VII are larger than in the variety
arizone.

Septal formula:—

Vivi, VI/VII, VII/VIII, VIII/IX, IX/X, X/xX1, XI/X1I,
XTI7XIII.

Ocnerodrilus occidentalis Z7sen, arizonz, var. nov.
Prate XII, Figs. 124-134.

Definition.—Size 15-25 mm. Clitellum 1/3 XIII-1/2 XX. Sete ab in
somite XVII both present. No spermathecz. Testes, two pairs in X and
XI, directly capped by two small sac-like sperm-sacs in X and XI. No race-
mose sperm-sacs. Sperni-ducts not greatly enlarged near the male pore, but
with a slight swelling of the lumen. Prostate and sperm-ducts joining in the
same pore between the longitudinal layer and the epithelium. Prostates
small, not extending beyond the clitellum. Septal glands of unequal size, the
posterior ones much smaller. Diverticles of the cesophagus not divided into
chambers. Sacculated intestine in XII.

Habitat.—Phcenix, Arizona, near irrigation ditches.
Obtained through the kindness of Mr. Geo. A. Treadwell,
October 19, 1896. A number of specimens have since
been received from the same locality, collected by Master

Grant, in January, 1897.

The variety differs but slightly from the species, but 1
believe the differences are worthy of being recorded,
especially those concerning the size of the suprapharyngeal
glands.

Ocnevodrilus occidentalis. Ocnerodrilus occidentalis,
var. nov. arizonce.

SEPTAL GLANDS.

Of about the same size. The most Of different sizes. The posterior
posterior pair of glands not smaller pair of glands is very much smaller
than those anterior to it. than those anterior to it.

PROSTATES.

Long, extending backward through ‘Short, confined to the clitellar
several somites behind clitellum. somites.

Both species and variety differ from all other species of Ocnerodrilus in the
absence of spermatheca and racemose sperm-sacs.
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ExXTERNAL CHARACTERS.

Somites.—They increase slightly in size towards XI;
XII and XIII are smaller, and XIII is smaller than XII;
XIV is larger and from it the clitellar somites slightly
increase in size towards XIX; XX is smaller.

The prostomiun: slightly divides somite I. It is furnished
with a deep transverse groove in line with the upper margin
of somite I.

The clitellum extends from the anterior 1/3 XIII-1/2 XX,
It is equally developed on dorsal and ventral sides.

Male pores are situated on two small round papille in
XVII, not connected by any special zone. In each papilla
is seen a sac-like lumen, into which open the sperm-duct
and the prostate, which thus unite but do not fuse just
before reaching the exterior. Both sete ¢ and 4 are pres-
ent at the male papilla, sete ¢ being situated on the side of
the papilla.

INTERNAL CHARACTERS.

Genital Zone.—There are no tubercula pubertatis like
those found in Lumbricidz; but I find in the posterior part
of somite XV and in the anterior part of XVII, as well as
in XVIII, a zone in which the glandular cells of the clitellum
are absent. Instead of these we find here a continuous
row (in longitudinal sections) of very short and broad
epithelial cells, characterized by having their frayed distal
ends terminating in a number of long and pointed processes.
Some of them project beyond the muscular layers and can
even be followed to a point where I think they connect with
the ventral ganglion.

The long tubular glands of the clitellum end at the begin-
ning of the genital zone, though the long narrow ducts of
many of these cells are seen to bend inwardly and pass
through the zone. The zone possesses a stratum of longi-
tudinally arranged glands running parallel to the body-wall,
in somewhat the same manner as the spermathecal sete-
glands of Diplocardia Udei. None of these glands open
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into a special chamber, as in the last mentioned species; but
probably all open into the clitellar region outside of the zone.

There is an abundance of capillaries in the zone, and 1
have no doubt but that the zone is of sexual importance.
Its structure reminds us in some respects of tubercula
pubertatis, though there is an absence of true tubercula
pubertatis glands. T could not find any regular sense-cells,
though these occur in bunches in the epidermis of other
somites.

Septal Glands.—There are four pairs of septal glands in
somites V, VI, VII and VIII, the dorsal parts of which
gradually diminish in size posteriorly. The dorsal part of
each gland is much the largest, being broad and square in
longitudinal section, while the ventral part is narrow and
elongated. The glands in V, VI and VII are developed
dorsally and ventrally, but the one in VIII is developed only
on the ventral side of the intestine. These glands are only
about one-fourth as large as the corresponding part of any
of the anterior glands. The ventral parts of the anterior
glands are of about equal size.

The pharynxis sac-like and in the form of a single dorsal
pocket.

The wsophagusis narrow and straight and enters directly
into the tubular intestine, which is also straight and only
slightly widens between the septa. The diverticles of the
intestine originate in the posterior part of IX. They are
swollen and the part connecting with the intestine is very
broad. The widest part of each diverticle is wider than the
intestine in that somite. The folds in the walls of the
diverticles are quite simple and resemble those of the intes-
tine. FEach diverticle has but one cavity, there being no
separate chambers as in Ocnerodrilus Beddardi and in O.
taste.

Septa.—Beginning with septum V/VI the ventral parts
of the septa are a trifle thicker than the dorsal parts.
The first considerably thickened septum is VII/VIII; X/XI
is the thickest. None of the septa are thickened close to
the body-wall or near the intestine.
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Septal formula:—
V/VI; VI/VII; VII/VIII; VIIVIX; IX/X; X/XI; XI/XII.

Testes.—The testes are slender and short, and connect
directly with the minute, sac-like sperm-sacs, which are
only slightly wider than the testes. Each testes has a cen-
tral core of connective tissue, or muscular strands project-
ing from the septum, which I once mistook for a duct.

Sperm-ducts and Prostates.—The ducts join in the ante-
rior part of the clitellum, but their lumens do not fuse until
reaching the anterior third of XVII. After fusing, the
ducts are slightly widened and increase gradually but very
slightly in size until the body-wall is reached, where quite
a little swelling is seen at the point of junction with the
ducts. The sperm-duct joins the prostate before the two
have fully penetrated the wall of the papilla. The pros-
tates do not extend beyond the clitellum. The prostate
cells are of two kinds: those most numerous are composed
of glandular cells with very fine granulations taking the
eosin stain; the others, which are fewer in number, consist
of thin, rather irregular supporting cells, extending from
the peritoneum to the lumen. The latter are probably the
phylogenetic ancestors of the innerlayer of cellswhich is char-
acteristic of the prostate of the higher Terricole (fig. 133).

Ovisacs.—The oviducts are long and slender, opening in
front of sete @b. There are two small ovisacs in line
between the oviductal funnels projecting into somite XIV.

Subgenus Enicmodrilus, subgen. nov.

The various species of the subgenus £#nicinodrilus may be arranged as
follows:—

I. Sperm-ducts with a thick muscular investment near the pores.
0. agricola EiSEN.
0. Rosce EISEN.
O. contractus EISEN.

I’ Sperm-ducts without thick muscular investment near the pores.

II. Setee ab wanting in XVIIL.
a. Sperm-sacs only in XII. O. mexicanus, sp. nov.
(3) December 16, 1899.
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’

a’. Sperm-sacs in IX and XII.
b. Margins of setze undulating. No tubercle at male
pore.
One pair of prostates. 0. Hendriei E1sEN.
O. comondui, sp. nov.
Two pairs of prostates. O. timicola EISEN.
0. Sete with even margins, but with a lunate cavity at
apex. 0. paraguayensis RosA.
b”’. Setee with even margins. Male pores on large tuber-
cles. O. tuberculatus, sp. nov.
b”’’. Setee with even margins. Sexual zone sunk.
O. santi xavieri, sp. nov.
I’ Setz @ absent in XVII. O. Beddardi E1SEN.
11’ Setz 6 absent in XVII.
Prostate minute. 0. guatemale EI1SEN.
Prostate large. 5 O. sonove EISEN.

Ocnerodrilus (Enicmodrilus) santi xavieri, sp. nov.

Definitron.—length 35-40 mm., width 1{ mm. Somites about 8o. Pro-
stomium divides somite I about one-half. Somite I about twice as wide as
somite II. Sete paired, ventral and dorso-lateral, with smooth margins.
No setee @b in XVII. Clitellum saddle-shaped, XIV-% XIX. Somite IX
only a little wider than any other near somite. Sexual zone sunk below the
general surface of the body. Male pores on two, hardly elevated, papillze,
in line with setze @b, rounded. The two anterior septal glands of about equal
length and thickness; the third pair, in VII, is longer, but narrower; the
fourth pair is much the shortest, or about half as short as the third pair.
Spermathecz large, with distinct duct and a pouch with undulating outline.
Two pairs of testes and sperm-funnels. A pair of anteseptal, racemose
sperm-sacs in IX, and a postseptal, racemose pair, in XI. Sperm-ducts, not
thickened near the pores, opening in the same pores as the prostates. The
prostates are hardly wider than the sperm-ducts, straight, and not extending
beyond the centre of XVIII. No dorsal pores. Meganephridia thickly
covered with capillaries; a large ccelomic mantle.

Habitat.—This is the most common earthworm and the
only Ocnerodrilide found in Baja California in the vicinity
of Loreto and San Xavier. It occurs there in the moist soil
in every garden and along every irrigation ditch. Collected
June 22, 1899.

Characteristics.—Most of the species of the subgenus
Enicmodrilus are closely related and only the nicest
distinctions serve to distinguish them. O. santi xavieri
differs from O. Hendrie: in its spermathecée, which are
much larger, being furnished with a comparatively long,
muscular stalk, which is almost wanting in the latter species.
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From O. guatemale the species is distinguished by the
absence of sete @ in XVII. O. mexicanus has no sperm-
sacs in IX. The diverticles of the intestine are large and
subdivided into longitudinal chambers.

Septal formula :—

1V/V, V/VI1, VI/VIl, VII/ VI, VIII/IX, IX /X, X/ XL

The sperm-sacs in IX project from the body-wall near
the septum IX/X.

No ovzsacs are present.

Ocnerodrilus santi xavieri, spermatheca and prostate.
Ocnerodrilus (Enicmodrilus) comondui, sp. nov.

Definition.—Length about 6o mm., width 13{ mm. Somites 8o to go.
Prostomium divides somite I about one-third. Somite I wider than II or
II1. Sete paired, with undulating margins and five to six direct, transverse
lines. No setae @b in XVII. Clitellum saddle-shaped, in XTV-XIX. Somite
XIX not wider than the other somites. Sexual zone not sunk, except a trifle
between the papillee. Male pores hardly elevated, round, in line with sete ab.
Septal glands in VII and VIII of about equal width, those in VI the longest,
those in VII a little longer than in VIII. Spermathecz large, broad and with
distinct stalk; the pouch with undulating margins. Two pairs of testes and
sperm-funnels. Racemose sperm-sacs in IX and XII; the former preseptal,
the latter postseptal. Sperm-ducts not thickened at the pores; prostates
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greatly varying in size. In some specimens the glandular part is only knob-
like, while in others it is much longer and folded, but does not extend
beyond somite XIX. Meganephridia very large, as wide as the somites,
the posterior ones with ccelomic mantle.

Habitat.—This species is abundant in the valley of
Comondt in the central part of Baja California, Mexico.
It is the only Ocnerodrilide found there in the irrigation
ditches and in wet soil generally. Collected June 25, 1899.

Characteristics.—The absence of setae b in XVII and
the undulating margins of the setae bring O. comondui near
to O. Hendriei, from which it differs in having the sperm-
sacs in somite IX strongly racemose, and in the form of the
spermatheca and the sizes of the respective septal glands.

The difference between O. comondui and O. santi xavieri
is in the undulating margins of the former and in the nephri-
dia, which are relatively larger than those in the latter
form, as may be seen by examining the specimens exte-
riorly. It is also a larger and especially a thicker worm.

The septal formula, differing from that of O. sant:
xaviert, is as follows: —

IV/V, V/Vi, VI/VI, VI VI, VI/IX, IX/X,

X/XI, XI/X11, XII/XIII.

Sperm-sacs.—The racemose sperm-sacs in IX do not
project from the septum forwards, but spring from the body-
wall a little in front of the septum on the dorsal side of the
body. This is also the case in Ocnerodrilus santi xaviers,
and perhaps in other species.

The sperm-ducts open in the same pore as the prostates,
but do not enter them.

The prostates vary more in size than in any other species so
far known. In some specimens the glandular part consists
merely of a knob-like body, while in others the glandular
part is several times as long as the muscular part and
extends through somites XVII and XVIII. But as I could
see no other differences, both these forms are for the pres-
ent referred to one species.

No ovisacs are present.
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Ocnerodrilus comondut, Ocnerodrilus santi xavieri,
spermatheca and prostate. prostate.

Ocnerodrilus conmondut, prostate.
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Ocnerodrilus (Enicmodrilus) limicola Z'sesn.

Ocnerodrilus limicola E1SEN, Proc. Cal. Acad. Sci., 2d Ser., Vol. 111, 1893,
p- 254.
Sete.—As Beddard has expressed doubt as to the exist-
ence of sete ab in somite XVII, I have re-examined the
type and find these setz to be really absent.

Ocnerodrilus (Enicmodrilus) mexicanus, sp. nov.
Prate X1V, FiG. 150.

Definition.—Length 45 mm., width 1 mm. No specialized genital zone.
The prostates and sperm-ducts open on a pair of small papillee in XVII,
in line with sete ab. Setz ab in XVII are absent. Sete strictly paired and
smooth. Clitellum complete. Spermathecee, one pair in IX, small, with
warty and wavey apex and without diverticle. Sperm-sacs in XII, large and
racemose. Sperm-tanks in X and XI. No racemose sperm-sacs in IX.
Testes in X and XI. One pair of prostates in XVII confined to one somite;
they are small and slender, the glandular part hardly thicker than the muscular
part. The sperm-ducts open in the same pore as the prostates. The sperm-
ducts are slender and not enlarged at the vicinity of the pores. Septal glands
in V to VIII; the glands in VI are the largest; those in VIII the smallest.
Sacculated intestine commences in XII. The diverticles of the intestine are
long, extending through the whole somite. The nephridia are all furnished
with a ccelomic mantle; they are larger from somite XIII posteriorly. The
ccelomic mantle consists of two large flat folds overlapping each other in such
a way as to appear as one single square mantle occupying the whole width of
the somite.

Habitat.—Mazatlan, Mexico, in garden soil.

This species belongs to the group in which the lower part
of the sperm-ducts is not enlarged. It differs from O.
Hendries in having the septal gland in VI by far the largest,
and in the absence of racemose sperm-sacs in IX. Itdiffers
from O. limicola in having a larger gland in VIII and only
one pair of prostates.

Ocnerodrilus (Enicmodrilus) mexicanus Zisen,
hawaiiensis, var. nov.

PLaTE X1V, FIGs. 170, 171.

Definition.—Characters similar to those of the species except in the follow-
ing: The sperm-sacs in XII are very large, filling the whole ccelom, but they
are only very slightly racemose. The spermatheca are very large; they
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extend to the dorsal wall of the ccelom and there is a deep constriction at the
center; otherwise the shape is that of the variety. The prostates are very
long, extending through ten somites beyond the male pores. Septal formula:

V71, VI/VII, VII VI, VII/IX, IX/X, X/X1, XT/XT1, XTI/XI10,
XITI/XTIV.

Huabitat.—Honolulu, Hawaii; from soil in pots of plants
from the island. Collected by Mr. Alexander Craw.

The nephridia also differ somewhat from those of the
species. The ccelomic mantel has the form of a very thick
S with the dorsal lobe much thicker than the lower lobe.

Ocnerodrilus (Enicmodrilus) tuberculatus, sp. nov.

PrLatE XIV, Fics. 155 and 156.

Definition.—Length 30 mm., width 2 mm. Somites 104. Prostomium
divides somite I into halves; the somite is broader than those behind. Sete
paired, ventral and dorso-lateral with smooth margin. No sete @b in XVIL
Clitellum saddle-shaped, in XIII-XIX. Somite IX twice as wide as any other
somite. Male pores open on a pair of very large papille in line with setae b
in XVII; papille with the body-wall about one-third as long as the body is
wide. The three anterior septal glands of nearly equal size, slightly diminish-
ing in depth posteriorly; those in VIII the smallest. Spermathece, one pair,
postseptal in X, stalked, with a very large globular free apical part. Two
pairs of testes and sperm-funnels. Sperm-ducts not thickened at the male
pores. Prostates large, extending as far as XXIV. Sperm-sacs large, race-
mose in IX and XII. No dorsal pores. Meganephridia covered with a few
ccelomic, glandular cells which, however, are not in sufficient quantity to con-
stitute a mantle. Anterior nephridia without such cells.

Habitat.—The City of Guatemala, Central America.

This species is readily distinguished externally by the two
very large male papille which are much more prominent
than those in any of the other Central American or Mexican
species described so far. The incomplete clitellum and the
large size of the worm is also characteristic. ~The single
specimen had become discolored and resembles an Acan-
thodrilid in the shape of the body.

DEeETAILED DESCRIPTION.

The most prominent feature exteriorly is the two male
papille replacing the ventral pairs of setee in XVII. The
base of the papilla is much sunk below the general surface,
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causing it to protrude from a cavity. The apex of the
papilla is furnished with a small pit into which open the
sperm-ducts and the prostate, immediately adjoining each
other. The spermathecal pores and the ovipores appear
to be in line with the ventral sete.

Septal formula:—

VIVi, Vijvii, VIjvi, VIIIX, XX, X/X1, XI/XII,
XII/XTII.

Septal Glands.—The glands in V are the thickest, the
others diminish in thickness posteriorly, so that those in
VIIT are thinnest. The length (in the direction of the short
diameter of the body) of the respective sperm-sacs is,
however, very nearly the same.

Intestine.—The tubular intestine is narrow and tubular,
its outer walls being parallel where they pass the septa.
Between the septa the respective parts of the intestine are
greatly bulged out or beaded. The chylus diverticles in
IX are long and slender; they originate in the posterior
part near the posterior septum. Sacculated intestine com-
mences in XII.

Spermathece.—The spermatheca are postseptal, opening
half-way between the sete and the septum VIII/IX. Their
lower or muscular part is cylindrical and very thick, occupy-
ing the whole width between the setz and the septum. The
length of each is about one-fourth the diameter of the ccelom.
The upper sac is irregularly globular and hangs down over
the posterior side of the muscular part, giving the organ
somewhat the shape of a smoking pipe. This greatly inflated
sac is as wide as two ordinary somites and reaches to the
center of the coelum. The large size of the spermatheca so
increases the size of somite IX that its width is that of two
ordinary somites. There is no diverticle.

Sperm-sacs.—The racemose sperm-sacs in IX and XII
are of the regulation type and very large, filling the whole
of the somites. They have comparatively few lobes, these
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being correspondingly large. Large sperm-masses in X
and XI.

Sperm-ducts and Prostates.—The sperm-ducts are thick
but without any thickened muscular investment. When
the ducts enter the papilla they actually narrow down. The
prostates are thick and rather straight, the glandular part
running back some eight somites. The sperm-ducts and
the prostates open at the very apex of the papilla, side by
side, the sperm-ducts immediately in front of the prostates.
Just before the ducts enter the papilla they do not quite
equal in width the muscular part of the prostate. The
ducts may be seen running close together within their com-
mon investment and do not fuse until they reach the most
external pore.

Subgenus Nematogenia, subgen. nov.

Ocnerodrilus (Nematogenia) lacuum ABeddard,
panamaeénsis, var. nov.

PraTtE IX, FiGs. 55-65, 114-116.

Definition.—Length 55 mm., width at clitellum 2 mm. Somites 110-120.
Setzee strictly paired. Dorsal pores present, those in the clitellum surrounded
by a wider depression. No sete ab in XVII. Clitellum in 1/2 XV-1/2 XXII.
Septa V-X thickened. The two anterior septal glands well developed, the
three posterior ones minute. Gizzards two, very small, in VI and VII; sac-
culated intestine begins in XIII. Nephridia commence in III, those poste-
rior to the clitellum with ccelomic mantle. Spermatheca very large in IX.
One pair of tests in XI. One pair of sperm-funnels in XI. Racemose sperm-
sacs in XII. Ovaries in XIII. Oviducts in XIV. Sperm-ducts, one pair
open in XVII jointly with the prostates. One pair of prostates, extending
from XVII to XXXIII; in the last three or four somites they are folded.

Habitat.—Four mature and an equal number of immature
specimens from Panama, Central America. Collected Feb-
ruary, 1896, by Professor Charles H. Gilbert. The speci-
mens were preserved in a five per cent. solution of formalin.

Apinity.—The variety differs from the species from
Lagos, Africa, as described by Beddard, in the following
particulars:—



128 CALIFORNIA ACADEMY OF SCIENCES. [ProOC. 3D SER.

Ocnerodrilus lacuum Beddard, Ocnerodrilus lacuum ‘Beddard.
panamaensis, var. nov.

Dorsal. Pores

begin X/XI. begin at least VI/VII.
CLITELLUM
1/2 XV-1/2 XXII. 1/2 XIII-1/2 XXVI.

SACCULATED INTESTINE
commences in XIII. commences in XII.
SPERM-DUCT
not wider at the pore. slightly wider at the pore.
PROSTATES

extremely long and folded, extending not so long, extending only through

through 16 somites. 6-7 somites. ¢
LLYMPHOCYTES.

No crenate cells. Crenate cells.

Nematocytes. No nematocytes. (?)

( All after Beddard.)
DeTALED DESCRIPTION.
Septa.—The septum farthest anterior is IV/V and is very

narrow. There are five specially thickened septa.
Septal formula: —

V/VI, VI/VIL, VIIJVIII, VIIIIX, IX/X.
The three central septa are of about equal size and some-
what thicker than the ventral body-wall in their somites.

Septal Glands.—Septal glands are found in somites V,
VI, VII, VIII and IX. Those in V are very large, much
larger than the suprapharyngeal glands in IV, and about as
wide as the muscular part of the pharynx. The glandular
mass in V is principally dorsal, ventrally it is very narrow
and thin. The septal glands in VI-IX are exceedingly
diminutive and cannot be made out by dissection; they are
imbedded in lymphatic tissue and amongst agglomerations
of lymph-cells; they are confined entirely to the region
nearest the intestinal wall and are nowhere as thick as the
septa.
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Neplhridia.—The anterior nephridia do not possess any
ceelomic mantles. The posterior nephridia are partly cov-
ered by such mantles, the latter being divided in two lobes.
One of these lobes is more ventral, consisting of very large
cells of a radiating arrangement, the other and more dorsal
lobe is much larger, and consists of smaller cells which
contain minute opaque globular granules. The lobes are
long, narrow and bent backwards. The whole nephridium
has the shape of a figure 5. Nephropores in line with and
in front of setze d.

Alimentary Canal.—The prostomial lips are small but
well defined. The mouth is narrow and may be said to
correspond to somites I and II. In line with somite III
there is a circular lip, much folded and composed of broad
clear epithelial cells, somewhat like the area of taste-cells
in Benhamia. The pharynx is developed only dorsally.
It is very short and its superposed glands are very small
and compressed, with their narrow ends projecting for-
wards. It does not occupy the whole of somite IV but
leaves a place for a short piece of the cesophagus at its pos-
terior end. The asoplagus turns upwards and occupies
one-half of IV and V. The gizzards (fig. 56) are in VI
and VII; they are very minute, but still perfectly differen-
tiated. The one in VI is a little larger and occupies about
one-half of the diameter of the somite. Its muscular layer is
slightly wider than the epithelial layer of the intestine. The
gizzard in VII is longer and narrower than the anterior
one. Its muscular layer tapers gradually towards the septa,
and the thickest part of the layer does not extend over
one-third of the length of the somite. The gizzards are so
narrow that they cannot be distinguished except through
sections. They are not wider than the intestine and rather
narrower than the cesophagus in V. The tubular intestine
may be said to extend from VIII to XII. It tapers gradu-
ally towards the sacculated intestine, which commences in
XIII. At the entrance to the sacculated intestine it is
furnished with the usual large epithelial folds projecting
backwards.
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Spermathece.—(fig. 57.) The two spermatheca open
in front of the ventral sete, half-way between them and the
septum in somite IX. The muscular duct is somewhat less
in length than the pouch. The walls of the latter consist
.of an inner epithelium of very narrow glandular cells, in
which we can distinguish a very large ciliated discharge-
pocket adjoining the nucleus. The spermatheca contains
not only spermatozoa but also spermatocytes and spermato-
gonia, having one, two and four nuclei, together with a fine
granular secretion.

Testes.—There is only one pair in XI. In longitudinal
sections the tests are slightly racemose.

Sperm-sacs.—There is one pair of elongated, well defined
sperm-masses in XI, projecting forwards in that somite.
They are not surrounded by peritoneum. The real race-
mose sperm-sacs are in XII. They project from the pos-
terior surface of septum XI/XII, closely surrounding the
intestine.

Sperm-ducts and Funnels.—Only one pair of ciliated
sperm-funnels and one pair of sperm-ducts. The funnels
are large, situated in XI. The sperm-ducts run directly
backwards to the male pore in XVII, where they open close
to the prostate pores and on the same elevated papillee.

Prostates.—These organs are larger than in any other
species of the genus known. They extend through some
sixteen somites and are folded on themselves at the distal
end, and would if stretched out extend through three or
four more somites. They increase slightly in width from
the pore to somite XXXIII; but decrease from that point
to the apex. There is a muscular and a glandular part.
The muscular part consists of a row of glandular cells, a
narrow muscular layer of a few strands, a connective tissue
layer with rather large nuclei, and a narrow peritoneal layer
of small cup-shaped cells. The nuclei of the latter are
small and stain very dark. Towards the distal end of the
muscular part the connective tissue layer decreases in size,
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while the glandular layer increases. Hence the muscular
duct is composed of two sections, each section occupying
two somites. The part which is most glandular contains
two different kinds of alternating glandular cells. The
narrow cells are similar to those in the muscular prostates;
the larger ones resemble those in the glandular part. In
the glandular part there is only a single row of glandular
cells, commencing with somite XXI.

Lymphocytes.—(figs. 114-116.) The free ccelomic cells
of this variety are of more than usual interest, one kind
being a most extraordinary structure. The following kinds
are distinguished.

WNematocytes.—This name is proposed for a highly spe-
cialized lymphocyte found in great numbers in the lymphatic
fluid of this species. These cells are erythrophile, staining
intensely with eosin and fuchsin. Z%e whole cytoplasm: 7s
Sliform and takes the shape of a single, continuous, narrow
strand wound regularly like a coil of rope. Seen from the
flat side these cells are irregularly rounded. The winding
of the strand begins at one end or surface and continues
regularly, ending at the other surface-end or pole. Where
the cells had been torn, it was frequently found that a por-
tion of the nematocyte had been carried some distance
away without any break in the cytoplasmic thread, part of
which could be seen more or less uncoiled, connecting the
two portions of the cell. In many instances the beginning
and the end of the thread could be clearly seen. The first
coils nearest the pole are narrow, but they gradually widen
until they reach their greatest diameter, which is that of the
cell; then again they gradually diminish and finally end as
they began. The thread does not contain any microsomes
of unequal size, but there is some differentiation, so that
alternating divisions stain darker. These alternate divisions
appear to be of the same size, but are so minute as to be
but indistinctly seen. In optical section the thread is round.
The nematocyte is not covered by an exterior membrane
(cytotheca), but the boundary of the cell consists always of
the margins of the cytoplasmic rope. There is no cytoplasm
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visible either inside or outside of the cytoplasmic rope.
The latter did not fill the centre of the cell, there being
always more or less space not occupied by the thread and
the nucleus.

The nucleus is oval, slightly irregular, with a central
contraction.

A ccelomic cell somewhat resembling the nematocyte
has recently been described by Edwin S. Goodrich from
the lymph of Ewuchytreus hortensis! Mr. Goodrich has
figured a number of these cells and demonstrated their
minute structure in detail. They differ from the nemato-
cyte of Nemalogenia lacuum var. panamaénsis in having a
distinct cell-wall and in having the nucleus placed outside
instead of inside of the rope-coil, which is much less regu-
larly coiled.

In the Ewnchytreus cells the rope appears as a secondary
structure in the cytoplasm, while in the Vematogenia cells
the rope itself is the cytoplasm and @¢// the cytoplasm there
is in the cell. The rope may, perhaps, serve to catch bac-
teria, sperm-fragments and other foreign substances in the
lymph. The function of the rope in the Zuchytreus cells
is unexplainable, unless we presume that it is now and then
ejected outside of the cell-wall, serving as a lasso for catch-
ing microbes, or for attachment. Cells corresponding to
the supposed early stages of the ZEwuchytreus cells as
figured by Goodrich are nowhere to be seen in our Nema-
togenia. Goodrich has also figured (figs. 13 ¢ and 14) cells
which greatly resemble the amabocytes from the Ocnero-
drilus lymph; these cells he describes as thread-cells under
the action of water and caustic potash. Similar cells are
found in our Nematogenia, but I do not believe that they
are stages of the nematocytes. They are comparatively
few in number and are much smaller than the nematocytes;
they also possess a centrally located nucleus, while the
amaebocytes figured by Goodrich have no nucleus, but are
evidently structures separated from it. No suggestions
offer themselves as to the origin of the nematocytes.

1 Quart. Journ., Mic, Sci., Vol. XXXIX, Pt. 1, May, 1896.
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Mucocytes.—The round cyanophile cells found in great
numbers in the lymph are probably referable to the class
called by Dr. Rosa mucocytes. They are, however, per-
fectly round and have not the projections figured by Rosa.
They are of the same size as the nematocytes but are
spherical and even in outline, and furnished with a cell-wall.
The nucleus is round with a central nucleolus. The muco-
cytes are more numerous than any of the other cells and
appear to originate in a special lymphatic tissue intimately
connected with the septal glands in VII, VIII and IX. It
is not found surrounding the glands in IV, V or VI. The
real septal glands in VII-IX are small, but appear much
larger than they are on account of this lymphatic layer,
which closely and intensely surrounds the cellular tissue of
the glands. The differentiation is best brought out by a
double stain of Rubin S. and Toluidine blue, the gland
staining dark blue and the lymphatic tissue pink with blue
nuclei. The cells composing this lymphatic tissue are not
as round as the mucocytes. There are large numbers of
the latter embedded in the tissue, especially at the edges,
where probably they originate, though I have not seen any
of them in mitosis.

Amabocytes.—These are small star-shaped bodies with
minute and numerous thread-like pseudopodia. These rods
or threads are probably the amcboid projections of the cell
itself, but the whole structure is too small to be studied in
detail. They stain but poorly, and are less readily studied
than the nematocytes.

Subgenus Ilyogenia Feddard.
Ocnerodrilus (Ilyogenia) taste Zvisen.

PrateE XIV, Fics. 157, 158.

Pheenicodrilus taste EiseN, Mem. Cal. Acad. Sci., Vol. II, 1895-96, Nos. 4
and s.
Habitat.—In the immediate vicinity of the city of Tepic,
Mexico, at an altitude of 4,000 feet. Also numerous speci-
mens collected by Prof. Albert Koebele in the vicinity of
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the City of Mexico and at Morelos, Mexico. In the latter
district they were found in the pine timber at an altitude of
6,000 to 7,000 feet.

NoTeEs oN THE TEPIC SPECIMENS.

Upon dissection, one of the specimens which had pre-
viously been overlooked and referred to Ocnerodrilus tepi-
cencis was found to agree in all the principal points with
O. taste from the Cape Region of Baja California. Both
species are characterized by the absence of the ovisac, the
small clitellum in XIV-14 XIX, and by the short, thick,
and warty spermatheca, although in O. tepicencis they are
very small and do not occupy more than one-fourth the
width of the somite, while in the type-specimens from El
Taste they are larger, extending fully to the posterior part
of the somite (fig. 135). In O. Zaste there is not the dis-
tinct, star-like, radiating zone found in somite XIV of the
other species. The specimens are large and fully mature,
and it is therefore not probable that the spermatheca are
undeveloped.

NoTeEs oN THE SPECIMENS FRoOM THE Crty oF MEXICO.

The specimens from the City of Mexico differ in some
respects from those from the type-locality—the mountains
of Baja California. There is no star-shaped papilla in
somite XIV, in line with setae ¢cd. The spermatheca are a
little smaller and the outline of the sac-like part is more
even, the undulating margin being confined to the apex of
the sac. The sperm-sac in IX is furnished with some six to
eight lobes, which are less minutely racemose than in the
type. In X and XI sperm-masses only are found. This
seems to be a common characteristic of most of the species.
The sperm-sacs in XII are also racemose, long and narrow,
and postseptal. There is absolutely no trace of any pros-
tates. The two sperm-ducts run close together until they
reach a point just above the male pore, when they fuse and
become invested with a heavier coat of muscles. They
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then dip down through the muscular layers and form a
small atrium about half as wide again as the sperm-ducts
and equaling in thickness that of the epithelium of the
clitellum at that place.

Kerria Beddard.
Kerria McDonaldi Z'ses.

Habitat.—A pond near Santa Ana, Cape Region, Baja
California, Mexico.

The specimens resemble very closely those found at
Miraflores, Baja California. One of the specimens was
sectioned, enabling me to add a few particulars to the former
description. The intestine possesses a very rudimentary
gizzard in somite VII. The circular muscular layer is here
about twice as thick as in the somites preceding and follow-
ing, and altogether the intestine in that somite is about one-
third thicker than elsewhere. The single pair of sperm-
funnels is in X. There are no sperm-sacs in any of the
somites, only sperm-masses in X and XI.

EUDRILINE.

Eudrilus Perrier.

Eudrilus Eugeni® (A7nberg).
PraTte VII, Figs. 27-34; PLate VIII, Fics. 40+48; PraTE IX, Fics. 49-50.

flabitat.—The specimens upon which my investigations
are based are all from Panama, where they were collected
in January, 1896, by Professor Charles H. Gilbert. They
were preserved in a five per cent. solution of formalin, and
were in very good state of preservation, suitable for histo-
logical purposes. Judging from the number of specimens
in the collection, this species must be the most common of

the large terrestrial earthworms in Panama.
(4) December 18, 1899.
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Nomenclature.—For convenience sake I have here
adopted the definition by Beddard and referred the present
species to Eudrilus Eugenie (Kinberg), though I am satis-
fied that there are differences sufficient to warrant the mak-
ing of at least a new variety. In a species so widely
distributed as Eudrilus Eugenie we may expect to find
interesting variations. In the following pages I have noted
down the principal anatomical differences between my spec-
imens from Panama and those upon which Beddard bases
his definition; there are also added some observations on
the finer anatomical and morphological structure.

ExTERNAL CHARACTERS.

Body.—(figs. 27-34). The body of the worm tapers
gradually towards the tail which is very thin and pointed.
Length from 120 to 150 mm. Color reddish to violet
brown above, with fine and strong violet iridescence.
Below yellowish white with some iridescence.

Somites.— (figs. 27, 28). The prostomium divides somite
I about one-half to two-thirds. Somite II is about one-
fourth smaller than I or III; somite III is about one-third
smaller than IV ; and IV is somewhat smaller than IT and
III combined. Somites III, IV and V are somewhat longer.

Nephropores.—The most anterior pore is in VI, in front
of sete cd. The poresin X to XIII are surrounded by an
elevated glandular ring.

The ovipores are in front of ¢d in XIV.

Copulatory Organ.—(figs. 29-33). The male pores are
found in the posterior part of somite XVII in line with sete
ab. There is a very large eversible bursa-copulatrix into
which open the penis and the copulatory papilla. On this
papilla we find the external pore of the Y-gland, while at
the apex of the penis we find the opening of the prostate
duct. When the bursa-copulatrix is retracted, the end of
the penis projects through the opening of the male pore.
When this bursa is everted the whole penis, as well as the



ZoorL.—VoL. IL] EISEN—OLIGOCHAZETA. 137

very large papilla of the Y-gland, is free. Owing to con-
tractions and contortions of the worm, it is difficult to
illustrate the true position of these exterior organs (figs.
29-33). The papilla of the Y-gland is very large, filling
nearly the whole of the bursa-copulatrix. It possesses only
one pore, the one which communicates directly with the
duct from the Y-gland. The penis is variable in regard to
its curvature, but it is always so situated that its exterior
groove can be readily brought opposite and close to the
opening pore of the Y-gland. When viewing the papilla of
this gland from the exterior there appear to exist two
external pores of the gland, the papilla being pointed at
both ends and quite symmetrical. Sections show, however,
that there is only a single pore, which is always situated on
the side nearest the exterior groove in the penis. This
groove in the penis does not extend to the base of that
organ, but only about half-way down its length. The groove
is connected with the lumen of the penis near its apex only
and not at the base also, as described by Beddard.

INTERNAL CHARACTERS.

Nephridia.—The nephridia are very thin, slender, and
even, occupying a narrow zone along the septa. Those
posterior to the clitellum are long and covered for their
entire length with a thick but even agglomeration of round
granular secretions of different sizes. These globules
stain intensely with aniline colors. The granules are
confined in a sac-like tissue, the surface of which is race-
mose. It extends from top to base of the nephridium, but
only along one of its sides. The nephridial ceelomic sac,
which follows the almost parallel lobes, is narrow and even,
and occupies about one-fourth of the width of the somite.

Suprapharyngeal Gland.—The usual suprapharyngeal
glands are present and well developed. When viewed in
longitudinal sections they are seen to consist of five distinct
lobes, one posterior to the other. The most anterior lobe
is the smallest and the most posterior lobe the largest. Each
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lobe contains a central muscular bundle connecting the
pharynx with the body-wall. Glandular cells surround
these muscular strands on all sides. The muscles to which
the most posterior lobe is attached run backwards to the
junction of somites VII and VIII.

Subintestinal Vessel.—(figs. 39, 42). Beddard describes
and figures this vessel as being double in somites X and XI.
In my Zundrilus from Panama the vessel is single, judging
from an examination of an unbroken series of transverse
sections. It is surrounded by a zone of lymphatic tissues
(fig. 41) in which are seen a number of lymphocytes.
Immediately surrounding this vessel the tissue forms a thick,
even coating, which ventrally spreads out as a lamella on
either side (fig. 42). Under high power the tissue is seen
to be highly vacuoled, with two kinds of nuclei and here
and there a lymphocyte. The vessel connects directly with
the blood sinus in the median diverticle of the intestine.
The ventral side of the diverticle consists similarly of a
spongy tissue with numerous vacuoles separating the epithe-
lial linings. In this tissue we also find two kinds of cells,
some with much smaller nuclei than the others.

The last hearts are in XI. The hearts in IX, X, XI are
of about equal size; those in VII and VIII are smaller, the
former being the smallest.

Diverticles of the Intestine.—These hearts are well
developed, as has already been mentioned by several inves-
tigators, especially Beddard. There is one point in which
the specimens from Panama differ from those of Beddard.
He describes the entrance of the diverticle into the intes-
tine as very wide, while in my specimens this duct is very
narrow (figs. 39, 40). In both of the median diverticles I
find large agglomerations of lime, a few of which are shown
in fig. 41. In the paired diverticles in somite XII neither
crystals nor any lime globules are to be found.

Female Generative Apparatus.—(figs. 49, 50). This
complicated apparatus differs considerably in details from
the wood-cuts and descriptions given by Beddard. The
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oviducal pore is situated in front of setae ¢d in XIV. Into
this pore opens a very large, somewhat coiled spermatheca,
which is bent on itself. The part which is nearest the pore
is situated in XIV, but the largest part is found in XIII.
Into this spermatheca open three different ducts, within a
short distance of each other. The place where these ducts
open into the spermatheca is found about one-third the
distance from the pore to the inner apex. The ducts which
open into the spermatheca are those of the oviducal gland,
the anterior oviduct and the posterior oviduct (figs. 49, 50,
ov. 1; ovd. gl. and ov. 2 and ov. 5.). The anterior and
posterior oviducts differ in size and function. While the
anterior oviduct conducts the undeveloped egg-cells, the
posterior oviduct conducts not only the undeveloped egg-
cells of the anterior ovary into the ovisac, but also the ripe
ova from the ovisac to the spermatheca. The posterior
ovaries, which are situated much higher up, are also the
largest. As Beddard has pointed out, these ovaries serve
also as ovisacs. The ovaries in XIII are rudimentary and
furnish only immature ova. The young egg-cells from
these ovaries slough off in bunches and are carried through
the narrow anterior oviduct (figs. 49, ovd. ov. 1) to the
base of the spermatheca; thence they are probably carried
to the posterior ovisacs, there to go through maturation. In
the ovisacs we find ova in all stages of development. There
are free bunches of egg-cells, as well as cells attached to
the walls of the ovisacs, and it seems there can be no doubt
as to the double nature of the ovisac, it being both ovary
and an ovisac. The long coiled oviduct is not ciliated, but
we find cilia in the funnel of the oviduct, which connects
directly with the ovisac. The funnel and the coiled oviduct
are entirely in XIII, but the part of the spermatheca into
which it opens is in XIV. Beddard states that the oviduct
penetrates the septum XIV/XIII twice. Thisis not the
case in the Eudrilus Eugenie from Panama, as has just
been shown. The egg-cells in the posterior ovary and
ovisac are not placed as in Beddard’s figure (Pl. XX, fig.
53), but they are found all along the inner margins of the
walls of the ovisac, in the manner figured (fig. 49, oz. 2).
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The lower part of the spermatheca is much wider in my
specimens than in Beddard’s, judging from his figure
referred to above. The figures representing the female
reproductive system were drawn from a number of sections,
(fig. 49 from longitudinal, fig. 50 from cross-sections).
They are, of course, partly diagrammatic, but it was the
endeavor to reproduce the relative proportions as faithfully
as possible.

As regards septum XIII/XIV, it was found to be perfect
all along the body-wall and between it and the female
organs. In the center, however, it is defective or entirely
absent.

Male Apparatus.—(figs. 44, 48). This very complicated
set of organs differs somewhat from the description and
figures of Eudrilus sylvicola (Eugenie) as given by Bed-
dard. In a general way, Beddard’s description fits the
specimens in question, but the positions of various parts is
different. In one respect, however, Beddard is in error,
provided, of course, that we have studied the same species.
Beddard states (62) that the longitudinal groove of the
penis opens into the lumen of that organ. This is not the
case in the Eudrilus Eugenie from Panama. The penis
possesses a groove just as stated by Beddard, but it does
not open into the canal of the penis at the junction with the
bursa, it simply ends bluntly at the base, while at the apex
it joins with, and ends at, the exterior opening of the canal
of the penis. The groove is therefore entirely an exterior
structure along its whole length. Its object is not difficult
to perceive. Because of its peculiar position the groove
can readily be brought close to the pore of the Y-gland, as
shown in figs. 44 and 46 at X. Any discharge from the
gland at any point from the base to the apex will therefore
be caught in the groove and conducted to the orifice of the
penial canal, there to be mixed with the exuding contents of
the prostates.

Four specimens were sectioned in order to ascertain the
structure of this organ and all were found to closely agree.
In every instance the pore of the Y-gland was found to be
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situated close to the groove in the penis. At times the
pore was found near the base, this always being the case
when the muscular cushion was retracted. When the lat-
ter was more or less extended, the pore was found nearer
to the apex of the groove. The secretion of the Y-gland
when coagulated is tough and resembles, superficially at
least, the secretion from the silk glands of a caterpillar. In
many of the specimens the secretion of this gland has been
ejected, forming a very thin flattened string several inches
long, either hanging down along the side of the body or
twisted and rolled into a ball around the copulatory cushion.
Quite a little force is required to break this thread. The
thread stains but poorly with h@matoxylin and methylene
blue, and cannot therefore be of a strictly mucous nature.
It shows a fine longitudinal striation, as if consisting of
innumerable fine strands. The pore of the Y-gland is
round and possesses but a single opening. The pore is
also connected with a tiny groove which runs parallel (and
opposite) to the groove in the penis, but which is much
shorter. The upper end of the Y-gland is muscular, the
two forks are separate as regards their lumens, but they are
surrounded by a common muscular covering of great thick-
ness. According to Beddard’s figures the prongs of the
gland are longer than the canal, the prongs joining close to
the wall of the bursa. In my specimens the Y-gland
possesses a longer duct, as shown in fig. 44, y g7/. This
duct is very much curved and enters the bursa from the
ventral side of that organ, while Beddard’s figures indicate
that the Y-gland enters the bursa from its dorsal side.

Prostates.—In my specimens the longer prostate is about
twice as long as the shorter one and must, I think, be the
main prostate, while the shorter part may be called a
diverticle of the other. These two parts cannot well be
considered as two distinct prostates joined together, on
account of the difference in structure, which, though slight,
seems of sufficient importance to be considered.

Thin sections of the two parts of the prostates are found
to stain differently, one taking the stain much more readily
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than the other. The contents of the diverticle also stains
intensely with red stains, but I have found no such dark
staining secretion in the larger part of the prostate. There
is also a difference in the structure of the glandular cells in
the two parts. Those of the diverticle are larger, more
twisted and bent, while those of the main prostate are
smaller and straighter. In the main prostate the epithelial
layer is surrounded by a narrow muscular layer which
winds in and out between the glandular cells, but in the
diverticle this muscular layer is reduced to a very few
strands not readily perceived.

The muscular coat surrounding the prostates is exceed-
ingly powerful. It consists of three layers of which two
are entirely distinct. The outer longitudinal layer sur-
rounds a narrower transverse muscular layer, and this is
lined interiorly by another very narrow, but still recogniz-
able longitudinal layer, which here and there runs off to the
prostates, separating the diverticle from the main gland.
The two inner muscular layers are not always to be distin-
guished one from the other and are probably only differen-
tiated parts of one layer. The width of the diverticle is
greater than that of the inner prostate. In cross-sections it
will be seen that the diverticle embraces the main prostate
like a crescent and occupies the largest space inside the
common muscular coat.

The secretion from the diverticle appears to be of a two-
fold nature. There is a thin cyanophile mucous secretion
and a thicker erythrophile one. The latter is generally
found in the shape of irregular rounded granules or glob-
ules surrounded by the cyanophile secretion. '

Judging from Beddard’s figure (62, fig. 10), the differ-
ence in the size of the two glands is not great. In my
specimens the longer part of the prostate is much narrower,
occupying a comparatively small space within the muscular
coat.

The globular enlargement of the sperm-duct at the ciliated
funnel resembles exactly the figures given by Beddard, but
the funnel itself is somewhat different. In Beddard’s
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5
my specimens all are of the same size, the lobes being

broader and regular.

figure we see broad and narrow lobes alternatino, while in

Sperm-ducts.—These are very thick, and are separated
to the junction by the prostate. They enter the prostate
covering in the vicinity of the apex of the diverticle, run
for a short distance inside the covering, and then pierce the
main prostate, just in line with the apex of the diverticle.
The ducts curve inwardly and enter the prostate in the
center of the organ, as seen in a section represented in
fig. 47. The two ducts unite only in the glandular part of
the prostate. Anteriorly the ducts run forward in a straight
line, curving only over the large muscular bursa.

Epidermal Sense-cells.—(figs. 95—97). Asis well known,
many and perhaps all species of the genera of Eudrilide
are characterized by the possession of large epidermal
sense-cells, which Beddard has compared to the pacinian
bodies of higher animals. He has figured and described
these cells (54) in EZudrilus, and any further description
would seem to be superflous. But the sense-cells found in the
Eudrilus from Panama differ so much from those Beddard
describes that it seems likely that we have investigated two
different species. Judging from Beddard’s papers (54, figs.
2 and 3; and 62, fig. 14) it appears as though the structures
of the various cells composing the so-called pacinian body
do not differ much from each other. In fig. 14 we find a
large central nucleus surrounded by a rather small cell,
around which are seen a number of thin concentric cells
with nuclei of much smaller size than the central one.
This is the case in Beddard’s species from Guiana. In my
Panama specimens, the sense-cells are situated exactly as
described by Beddard, at the base of the epidermis; they
never reach more than about half-way up to the cuticle.
The sense-corpuscle is surrounded by ordinary glandular
and supporting cells, which shut off the former from the
cuticle. In a general way the sense-corpuscles may be
described as consisting of a very large central cell, which is
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capped and partly surrounded by from three to twelve very
thin but wide cells superposing each other (figs. 95, 96).
A characteristic feature of each one of these upper cells is
the situation of the nucleus, which is found on or near a
line passing perpendicularly from the cuticle through the
large central cell. There is no constancy in the size of the
nuclei. Beddard states that the central nucleus is very
large and that the other nuclei are small. While 1 have
found corpuscles in which the central nucleus was much
larger than the upper ones, in many instances the reverse
has been the case. The upper nuclei are generally of very
even size.

When seen in a cross-section of the body of the worm
the sense-corpuscle is sac-like, generally higher than broad
(fig. 95). In longitudinal sections (fig. 97) the sense-
corpuscle is longer than high. The most interesting feature
of the sense-corpuscle is the structure of the large central
cell. Its size varies considerably, as may be seen by the
figures, but it is always larger than all the upper cells com-
bined. There are two very prominent characteristics of
this cell: the nucleus is situated in, and suspended by, a
diaphragm which forms a constant acute angle with the
base of the cell and the cuticle of the deric epithelium;
secondly the cytoplasm of the cell is laminated in a certain
and distinct manner (figs. 95-97).

The central nucleus is evidently capable of extention and
contraction, as in some cells it is found to be much elon-
gated in the direction of the diaphragm, while in others it
is quite round. In some cells the diaphragm has the form
of a simple bar, dividing the vacuole into two equal parts;
but in reality this diaphragm consists of a number of narrow
lamella which in the figure are only seen in cross-section.
The other ends extend to the opposite side of the vacuole
somewhat in the manner of a membrane stretched on a
drum. More strictly speaking, there are two central vacu-
oles separated by a diaphragm, and surrounding them is a
dense mass of peculiarly laminated cytoplasm. Cross-sec-
tions show that this lamination does not extend all around the
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cell, but is discontinued in the direction of the diaphragm
both upwards and downwards. The lamellee are very dis-
tinct and of even thickness throughout until a certain zone
is reached, where they spread and thin out, each lamella
continuing towards the cell-wall as a thin, wavy, cytoplas-
mic thread. In several cells there could be distinctly per-
ceived a thinner continuation of the central cell downwards
into the muscular layers, probably indicating a connection
with nerve-fibers.

Beddard has given a diagrammatic drawing of a ‘‘paci-
nian corpuscle’’ of Hyperiodrilus (No. 54, Pl. XVI, fig. 4)
from which it appears there were a large number of nuclei
in the central core. In the sense-corpuscles of Eudrilus
Eugenie from Panama there certainly does not exist any
structure similar to that just described. On the other hand,
I find some resemblance between these cells and the sup-
posed auditory cells of Pontoscolex described elsewhere in
the paper. In both of these cells the cytoplasm shows a
very high degree of differentiation. There is in each cell
a central nucleus and a diaphragm, the latter being of
different structure in the two cells. In Eudrilus Eugenie
there is no body comparable to the otosome; but still there
is enough resemblance to suggest a possible or even prob-
able similarity of function. Since the manuscript of the
first paper (Eisen 19) on Pontoscolex passed out of my
hands, Dr. R. Hesse (2) has described a most interesting
type of sense-cells from the epidermis and nerve-ganglia of
Lumbricidee. Dr. Hesse recognizes in these cells organs
for the perception of light.

In Pontoscolex and Eudrilus the sense-corpuscles are not
found in increased numbers in the anterior and posterior
somites, but on the contrary are more numerous in the
central parts of the body, or in parts much less exposed to
light. If the sense-corpuscles in Eudrilus and Pontoscolex
are organs for light, we should expect to find them more
numerous in parts of the body most readily exposed to the
light, such as the tail and the prostomium; but in these
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parts they are, on the contrary, very rare or absent. Sense-
cells in the central part of the body are likely to serve some
other purpose.

We have seen that Oligochata possess cells perceptive of
light, taste, smell, and touch, and unless we assume the
existence of a sixth sense not present in the higher animals,
the only remaining sense not yet fully recognized in Oligo-
cheta is that of hearing. The nature of the structure of
the sense-cells in Ponloscolex and Eudrilus is such as not
to oppose the assumption that in these cells may be recog-
nized primitive auditory organs. In Pontoscolex the char-
acteristic parts of the auditory cell are the otosome and the
diaphragm. In Eudrilus the diaphragm only is present,
but it does not seem improbable that the almost vertical
column of nuclei superposed on the large lower cell may
serve as a row of otosomes, aiding materially in carrying
along the sound-waves to the diaphragm of the more sensi-
tive cell below. Itis of the utmost importance that the worms
be enabled to perceive sounds caused by the feet of
birds, the working of moles and other animals,—sounds
which must be transmitted through the soil in order to reach
the worms.

The situation of the sense-corpuscles in the projecting
equatorial of each of the more central somites in those parts
of the body which come into closest contact with the soil,
seems to me to especially favor the theory that these cells
and corpuscles are really organs for the perception of
sound. Not only are these cells more numerous in the
equatorial of the central somites, but they are nearly exclu-
sively found on the dorsal and lateral sides of each somitic
equatorial, and are almost absent on the ventral side. In
other words, they are most numerous in parts most access-
ible to sound-waves passing through the soil, and are singu-
larly scarce in parts which are least accessible to these
sound-waves. These cells in Hudrilus Eugenie, as well
as in Pontoscolex, are found several rows abreast in each
equatorial, and are never found outside of the equatorial.
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ACANTHODRILINE.
Notiodrilus Al7ckaelsern.

With Dr. Michaelsen (30) I agree to place the American
species of the old genus Acanthodrilus in a separate genus.
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